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TTiMhitoT Ima ffn? Agents. 




IC 



^£*gE£A«*m to diagnostic imaging agents for in vivo imagutg. The 
paging agents comprise a metallor^teinase inhibitor labelled with an imaging 
moiety suitable for diagnostic imaging in vivo. 

(MMP S ) are a family of at least 20 zinc-dependent 



endopeptida.es which mediate degradation, or remodelling of toe extract: m*^ 
(ECM) JMassova *r al FASEB J 12 1075 (1998)]- Together, the members of the 
MMP femily can degrade all of the components of die blood vessel wall and therefore 
play a major role in both physiological and pathological events thai involve the 
l: degradation of components of the ECM. Since the MMPs can interfere with the cell- 
mairix interactions that control cell behaviour, their activity affects processes as 
diverse as cellular differentiation* migration, proliferation and apoptosis. The 
negative regulatory controls that finely regulate MMP activity in physiological 

sitaations do not always function as they should, inappropriate expression of MMP 
2 ) activity is thought to constitute part of the pathological mechanism in several disease 

states. MMPs are therefore targets for therapeutic metaUoproteinase inhibitors 

(MMPi's) in many inflammatory, malignant and degenerative diseases jWtaker et 

oil Chem- JRev. 99, 2735 (1999)]. 



2s 



■0 



Consequently, it is believed mat synthetic inhibitors of MMPs may be useful in the 
treatment of many mflammatory> malignant and degenerative diseases. Furthermore, 
it has been suggested that inhibitors of MMPs may be useful in the diagnosis of these 
diseases. WO 01/60416 discloses chelator conjugates of matrix metaUoproteinase 
(MMP) inhibitors, and their use in the preparation of metal complexes with diagnostic 
metals. The specific classes of MMP inhibitor described are hydroxamates, especially 
succinyl hydroxamates. The compounds are proposed to be useful in the diagnosis of 
cardiovascular pathologies associated with extracellular matrix degradation such as 
atherosclerosis, heart failure and restenosis. Preferred MMP inhibitors, chelators and 
linkers are described therein A report by Zheng et al [Nucl. Med. Biol. 22 761-770 
: 5 (2002)] documented the synthesis of MMP inhibitors labelled with the positron 



■ ■» 
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ennssion tomography Q?ET) tracers U C and 1£ F. The compounds described therein 
are postulated to be useful in die non-invasive imaging of breast cancer. 

The "PregRrnf , Invention. . _ ^ 

5 fthas now been fotind that a particular class of solpbonaraide hydioxamate matrix 

metalloproteinase inhibitors (MMPi's) class labelled with an imaging moiety are 
useful diagnostic imaging agents for m vivo imaging and diagnosis of the mammalian 
body. These compounds present superior MMP inhibitory activity with Ki in the sub- 
nanomolar range. The urinary excretion profiles of Uie MMPi's of the invention can 
It be adjusted by ose of appropriate linker groups, especially polyethylenegJ ycol (PEG) 
linker groups. 

The imaging agents of the present invention are useful for the in vivo diagnostic 
imaging of a range of disease states (inflammatory, malignant and degenerative 
1.; diseases) where specific matrix metalloprnteinases are known to be involved. These 
include: 

(a) atherosclerosis, where various MMPs are overexpressed. Elevated levels of 
MMP-1, 3, 7, 9» 1 1, 12. 13 and MT1-MMP have been detected in human 
atherosclerotic plaques [SJ. George, Exp. Opto. Invest. Drugs, 9(5), 993-1007 
2 3 (2000) and references therein]. Expression of MMP-2 [Z. Li et al, Am. J. PathoL, 
148, 121-128 (1996)] and MMP-8 [M. P. Herman et al t Circuladon, 104, 1899- 
1904 (200i)] inhuman atheroma has also been reported; 

(b) chronic heart feilure (Peterson, I. T. et al. Matrix metalloproteinase 
inhibitor development tor the treatment of heart failure, Drug Dev. Res. 
5 5 (2002), 5J.(1)» 29^4 reports that MMP-1, MMP-2, MMP-3, MMP-8, MMP-9, 

MMP-1 3 and MMP-1 4 are upregulated in heart failure); 
<c) cancer |Vurinen et al, hit J. Cancer 22, pi 57-166 (2002) reviews MMP 
involvement in cancers, and particularly highlights MMP-2, MMP-3, MMP-7, 
and MMP-9]; 

: 0 (d) arteritis [Jacson et al, Irmamm. Res. 50(4), P 183-lS6 (2001) "Selective 

matrix metalloproteinase inhibition in rheumatoid arthritis - targeting 
gelatmase A activation", MMP-2 is particularly discussed]; 
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(e) amyotrophic lateral sclerosis {Urn et al, JJSIcwochem, 67, 251-259 (1996?; 
where MMP-2 and MMP-9 are involved]; 

(f) brammetastases, where MMP-2, MMP-9 andMMP-13 have been reported 
to be implicated [Spinale, CiiculRes., 90, 520-530 (2002)]; 

2 (g) cerebrovascular diseases, where MMP-2 and MMP-9 have been reported to 

be involved [Lukes er a/, Mol.Neurobiol., 12, 267-284 (1999)]; 
(b) Alzheimer's disease, where MMP-2 and MMP-9 have been identified in 
diseased tissue [Backstrom et ah J.Neurocbem., 58, 983-992 (1992)]; 
(i) nenroinflainmatory disease, where MMP-2, MMP-3 and MMP-9 are 

1, involved [Mun-Bryce et al, Brain.Res., 933 , 42-49 (2002)]; 

0 COPD (ie. chronic obstructive pulmonary disease) where MMP-1, MMP-2, 
MMP-8 and MMP-9 have been reported to be upregulaied [Segura-Valdez et 
■ al, Chest, HI, 684-694 (2000)] amongst others; 
(k) eye pathology rKurpafcus- Wheatcx et al, Prog. Histo, Cytochem., 3^(3), 

1 ; 179-259 <200l)]; 

(1) skin diseases rjHerouy, Y., Int. J. Moi. Med,, 7(1), 3-12 (2001)]. 

retailed Dep rei ptitm of t he Invention. 

2) fa a ^ aspect, the present invention provides an imaging agent which comprises a 
metalloprotemase inhibitor of Formula CO labelled with, an imaging moiety, wherein 
the imaging moiety can be detected allowing adimnistration of said imaging agent to 

the mammalian body in vivo: 



H 




TP 1 



: 5 where: 

Y l is H or -(CH 2 V<0=0>Z; 



*V5 
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each independently selected from the group consisting of H, C,^ alky]. 
C 3 -6 cycloalkyl. fluoroalkyi or Gmo aryl. 



X 1 and X 2 together with the carbon atom to which they are attached, ft 
C3. 10 saturated ting whichmay be aUcyclic or bicyclic, and may optionally 
incorporate 1 or 2 heteroatoms chosen from O, N and S; 

X s is H, Ci.3 alkyl or C1.3 fluoroalkyi; 

Y 2 is a group of formula. -[A'UO]^ 2 where p and q are 0 or 1, and A 1 U Ci- 
j 0 alkylene, C 3 - 8 cycioalkylene, C,.,o perfluoroalkylene, Cg-io arylene or C 2 .io 
keteroarylene. and A 2 is B, C l . I0 alkyl, C 3 . B cycloalkyl, Cmo perfluoroalkyl, 
C^ 10 aryl or Quo heteroaryl, with the proviso that when p=0, q is also 0 and 

A 2 is not H- 

Formula (Q, Y 1 is preferably -{CH^WZ. w is preferably 1, 2 or 3 and is 
most preferably 2 or 3, ideally 2. X 3 is preferably H, CH 3 of CHzF, and is most 
preferably H or CH 3s ideaUy H. Y a is preferably A 2 , where A 2 is Que aryl or C^o 
heteroaryl or-A l [0],A 2 , where A 1 is Cmo arylene and A 2 is C«.io aryl or C 2 - W 
heteroaryl. 

Z is preferably NR'R 3 , and is most preferably chosen such that one of R 1 and R 2 is H, 
and the other is not H. 



25 



Suitable monocyclic rings formed by A ana a TOgwuei ««= 

which they are attached include: cycloalkane (such as cyclopentane or cyclohexane), 
piperidme, tettahydrofuran, tetrahydropyran, tetrahydrothiopheiie and 
tetndiydromiopyran. Suitable bicyclic rings include: bicyclo[2^.2]octane, 
bicyclo[2^.3]nonane and bicyclic tetiahydropyrans having additional ethylene 
bridges. The rings of X' and X 2 may further optionally comprise one or more 
hydroxy!, Cm alkoxy or fluoroalkyi substitute. Preferred rings formed hy X 1 
SO and X 2 together with the carbon atom to which they are attached are C« 

cycloalkylene, or 4-to 6-membered rings incoiporating a single ether linkage, most 
preferably cyclopentane, cyclohexane or tetrahydropyran rings. 
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The sulfite*^ hytauotfte matrix n^opnrtehtas. »ta> ° f to ^ 
tav^ta^yofmol^dsrwdah. 100 » 2000 D^t>s,P«f«*W 

weight 1 50 to 600 Mm*, mo« prefenfcly of tooled w«gbt 200 to 
SOODfltora. Tie taMbilMMprc6^1y of synthetic origin- 

The term ^bened with" means that the MMPi itself either comprises the imaging 
moiety, or the imaging moiety is attached a* an additional species, optionally v* a 
Bhkergroup as described for Formula IE below. When the MMPi itself composes the 
imaging moiety, this meat* that the 'imaging moiety' fbrms part of me ch^tcal 
s*™^ of the MMPi and is a radioactive or non-radioactive isotope present at a 
level sigoifLcamly above the natural abundance level of said isotope. Such elevated or 
etched levels of isotope are suitably at least 5 times, preferably at least 10 times, 
most preferably at least 20 times; and ideally either at least SO times the natural 
abundance level of the isotope in question, or present at a level where me level of 
enrichment of the isotope in question is 90 to 100%. Examples of MMPi' s 
comprising the 'imaging moiety' are described below, but include CH 3 groups wuh 
elevated levels of ,3 C or "C and fluoroalkyl groups with elevated levels of F, such 
mat the imaging moiety is fee isotopically labelled »C, "C or «F wiflrin to chemical 
structure of the MMPi. 



1 j enric 
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The "imaging moiety > may be detected either external to the mammalian body or v«* 
use of detectors designed for use in vivo, such as intravascular radiation or opneal 
detectors such as endoscopes, or radiation detectors designed for intm-operanve use. 
Preferred imaging moieties are those which can be detected externally in a non- 
invasive manner foUowing administration in vrw, Most preferred imaging moteues 
are radioactive, especially radioactive raetal ions. gammaWtting radioactive 
halogens and positron-amitting radioactive non-metals, particularly those suitable for 
imaging using SPECT or PET. 



10 



The "imaging moiety" is preferably chosen 

(i) a radioactive metal ion; 

(ji) a paramagnetic metal ion; 

(iii) a gamma-emitting radioactive halogen; 

(iv) a positron-emitting radioactive non-metal: 



•4 



..u 
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(v) ahyperpolariscdlSnN^ 

(vi) a reporter suitable for in vivo optics! imaging; 

(vii) a Remitter suitable for intravascular detection. 



f When the imaging moiety is a radioactive metal ion, ie. a radiometal, suitable 

radiometals can be either posits emitters such as "Cu, *V> S Fe, 55 Co, or K Ga; 
y-emitters such as "To, "'in, 113, Tn s or 67 Ga. Preferred ramometals are "To, 
es Ga ^ nij^ Most pref^ed radiometals are y-emitters, especially Mm Tc. 

II "When the imaging moiety is a paramagnetic metal ion, suitable such metal ions 
include: Gd(m), MhOD, OiCH), Cr(HI), Fe(in), Co(H), Er(II), Ni(II), Eu(DI) or 
DyCDI). Prefeiyedparamagaedc metal ions are GdCm), Mn(H) and FeOH), with 
GdCm) being especially preferred. 

1 i When the imaging moiety is a gamma-emitting radioactive halogen, the radiohalogen 
is suitably chosen ftom " 3 I, ,3, I or "^Br. A preferred gamma-emitting 
halogen is 123 L 



When the imagingmoiety is a positron-emitting radioactive non-metal, suitable such 
2> positron emitters include: »C, »K, "O. "F, «*. *Br. ™Br or ™L Preferred positron- 
emimhg radioactive non-metals are U C 13 N and ,S F» especially U C and 18 F, most 
especially 18 F- 

When the imaging moiety is a hyperpolarised NMR-active nucleus, such NMR-active 
3 5 nuclei have a non-zero nuclear spin, and include 13 C, 13 N, i9 F. ^Si and 31 P. Of these, 
13 C is preferred. By me term "hyperpolarised" is meant enhancement of me degree of 
polarisation of the NMR-active nucleus over its' equilibrium polarisation. The natural 
abundance of I3 C (relative to l2 C) is about 1%, and suitable ,3 Olabelled compounds 
are suitably enriched to an abundance of at least 5%, preferably at least 50%, most 
5 0 preferably at least $0% before being hyperpolarised. At least one carbon atom of the 

meimloproteinase inhibitor of the present invention is suitably enriched with ,3 CJ, 

which is subsequently hyperpolarised. 
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When the imaging moiety is a reporter suitable for in vivo optical imaging, the 
^porter i s any moiety capable of detection either directly or indirectly in an optical 
imaging procedure. The reporter might be a fight scatterer (eg. a coloured or 
uncoloured particle), a fight absorber or a light emitter. More preferably the reporter 
; is a dye such as a chromophore or a fluorescent compound- The dye can be any dye 
that interacts with fight in the electromagnetic spectrum with wavelengths fiom the 
ulteaviolet light to the near infrared. Most preferably the reporter has fluorescent 
properties. 

1 1 1 Preferred organic chromophobe and fluorophoric reporters include groups having an 
extensive delocalized electron system, eg. cyanines, merocyanines, mdocyanmes, 
phthalocyamnes, naphthalocyanines, triphenylmethines, porphyrins, pyrifium dyes, 
thiapyriliup dyes, squaryHum dyes, crocomum dyes, azulenium dyes, mdoanifines, 
benzophenoxazinium dyes, benzothiaphenomiaanimn dyes, anthraquinones, 
1 > napthoquinones, indafbrenes, phthaloylacridones, trisphenoquinones, a»> dyes. 

intramolecular and intermolecular charge-transfer dyes and dye complexes, iropones, 
tetrazanes, te(dilhiolene) complexes, &i<benzeneH3ithiolaie) complexes, iodoanifine 
dyes, 6fc(S,0-dithiolene) complexes. Fluorescent proteins, such as green fluorescent 
protein (GFP) and modifications ofGFP that have different absorption/emission 
2D properties are also useful. Complexes of certain rare earth metals (e.g., europium, 
samarium, terbium or dysprosium) are used in certain contexts, as are fluorescent 
nanocrystals (quantum dots). 



■-ISM* 



Mill 



s of chromophores which may be used include: rmorescein, 
3 5 3ulfoihoaamine 101 (Texas Red), modamine B, modamine 6G» rhodamine 19, 

mdocyamhe green, Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, Marina Blue. Pacific Blue. 
Oregon Green 88, Oregon Green 514, tetramethylmodamine, and Alexa Fluor 350, 
Alexa Fluor 430, Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 555, Alexa Fluor 
56S, Alexa Fluor 594, Alexa Fluor 633, Alexa Fluor 647, Alexa Fluor 660, Alexa 
'■ 0 Fluor 680, Alexa Fluor 700. and Alexa Fluor 750. 

* mm 

Particularly preferred are dyes which have absorption maxima in the visible or near 
infrared region, between 400 nm and 3 pm, particularly between. 600 and 1 300 iun. 



wmmmmgmmmmmi 
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Optical imaging modalities and measurement techniques include, but not limited to: 
luminescence imaging; endoscopy; fluorescence endoscopy; optical coherence 
tomography; transimttance imaging; to resolved transmittance imaging; confbcal 
imaging; nonlinear microscopy; photoacoustic imaging; acousto-optical imaging; 
spectroscopy; reflectance spectroscopy; interfbirometryi coherence interferoraetry; 
diffuse optical tomography and fluorescence mediated diffuse optical tomography 
(continuous wave, time domain and frequency domain systems)* and measurement of 
light scattering, absorption, polarisation, luminescence, fluorescence lifetime, 

# 

1 ) quantum yield, and quenching. 
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When the imaging moiety is a p-emitter suitable for intravascular detection, suitable 
such Remitters include the radiometric ^Cu, *°Y, IS3 Sm, l80 Re, 188 Re or X9Z lx 9 
and the uon-metals 32 P, 33 P, ^S, 39 C1, ^Br and ^Br . 

The ima ging agents of the present invention are preferably of Foitraila II: 



[{inhibitor} -(A)J m -[im aging moiety] (II) 

■ 

2 D {inhibitor} is the metalloproteinase inhibitor of Formula (1); 

-(A)nr is a linker group wherein each A is independently -CEk- » -CR==CR- , 
-&C- , -CR2CO2- , -C0 2 CRy- , -NRCO- . -CONR- , -l>3R(C=0)NR- 5 
-NR(C=S)NR-, -SO2NR- , -NRSOa- , -CR2OCR2- , -CRaSCR-2- , -CR2NRCR2- 
, a C4-8 cycloheteroajkylene group, a C^s cycloaKcylene group, a C5.12 arylexje 
2 5 group, or a C3.12 heteroarylene group, an amino rcid or a monodisperse 

polyethyleneglycol (PEG) building block; 

R is independently chosen from H, C M alkyl, alkenyU C2.4 alkynyl, 
C1-4 alkoxyalkyl oar C1-4 hydxoxyalkyl; 
n is an integer of value 0 to 10, 
j 0 and ut is 1, 2 or 3. 



MMmmmnmmmmm 
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The im aging moiety is preferably attached at the Y 1 , Y 2 , X 3 or xVx 2 positions of the 
MMPi of Formula (I), and is most preferably attached at the Y 1 or Y 2 positions, with 
the Y 1 position beiog especially preferred when Y 1 is -(C^vrCO^)-^ It is 
especially preferred that the imaging moiety is attached to or comprises one of the R 
: or R 2 groups of a Y l = -(CH^CO-O)-^ 1 ^ 2 moiety. 

It is envisaged that the role of Ihe linker group -(A),- of Formula II is to distance the 
imaging moiety firom the active site of the metalloproteinase inhibitor. This is 
particularly important when the imaging moiety is relatively bulky (eg. a metal 
complex), so that binding of the mhibitor to the MMP enzyme is not impaired. This 
1 ) can be achieved by a combination of flexibility (eg. simple alkyl chains), so that me 
bullsy group has the freedom to position it9elf away from the active site and/ or rigidity 
such as a cycloalkyl or aryl spacer which orientates the metal complex away from the 
active site. 



... . . • • ' 

1 5 The nature of the linker group can also be used to modify the biadistributkm. of the 
imaging agent Thus, eg. the introduction of ether groups in the linker will help to 
minimise plasma protein binding. When -<A)„- comprises a polyethyleneglycol (PEG) 
building block or a peptide chain of 1 to 10 amino acLd residues, the linker group may 
function to modify the phannacokinetics and blood clearance rates of the imaging 

S 0 agent in vivo. Swb "biomGtffier" linker groups may accelerate the clearance of the 
imaging agent Som background tissue, such as muscle or liver, and/or from the blood, 
thus giving a better diagnostic image due to less background interference. A 
biomodifier linker group may also be used to favour a particular route of excretion, eg. 
via the kidneys as opposed to via the liver. 



When -(A)«- comprises a peptide chain of 1 to 10 amino acid residues, the amino acid 
residues are preferably chosen firom. glycine, lysine, aspaxtic acid, glutamic acid or 
serine. When <A)»- comprises a PEG moiety, it preferably comprises a unit derived 
fiom polymerisation of the monodiaperse PEG-like structure, l7-amino-S-Qxo-6-aza-3, 
: 0 9, 12, 15-teuaoxaheptadecanoic acid of Formula HE: 
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w herein a equals an integer fiom 1 to 10 and where the C-tennraaJ unit (*) is 
tected to the imaging moiety. 



1) 



When the linker group does not comprise PEG or a peptide chain, preferred -(A) n - 
groups have a backbone chain of linked atoms which make up the -(A)„- moiety of 2 
to 10 atoms, roost preferably 2 to 5 atoms, with 2 or 3 atoms being especially preferred. 
A mmimum linker group backbone chain of 2 atoms confers the advantage that the 
imaging moiety is well-separated fiom toe metalloproteinase inhibitor so that any 
interaction is minimi sed. 



Non-peptide linker groups such as alkyiene groups or arylene groups have the 
advantage that there are no significant hydrogen bonding interactions with the 
conjugated MMP inhibitor, so mat the linker does not wrap round onto the MMP 
15 inhibitor. Preferred alkylene spacer groups are -(CHaV where q is 2 to 5. Preferred 
arylene spacers are of formula: 



where: a and b are independently 0, 1 or 2- 



The linker group -(A)n- preferably comprises a diglycolie acid moiety, a maleimide 
2 0 moiety, a glutaric acid, succinic acid, a poly ethyleneglycol based unit or a PEG-like 
unit ofFormula HI. 



When (he imaging moiety comprises a metal ion, toe metal ion is present as ametal 
complex. Such metalloproteinase inhibitor conjugates with metal ions are therefore 
: 5 suitably ofFormula Ha: 



Wmmmmmmmommm 
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one or 



competing Uganda 



t{inhibitor>-(A)„3 rt -[Tnetal complex] (Ha) 

where: A, n and m are as defined for Formula n above. 

By me term "metal comply" is meant a coordination complex of Hie metal ion with 

is. It is strongly preferred that the metal complex is "resistant to 
does not readily undergo tigand exchange with other potentially 
for the metal coordination sites. Potentially competing Uganda 
U, include fce'hydroxamic acid MMH moiety itself pins other excipients in the 
preparation in vitro (eg. ^protectants or antimicrobial preservatives used in the 
preparation), or endogenous compounds in vivo (eg. glutathione, iransferrin or plasma 

• ♦ 

proteins). 

1 i The metal complexes of Formula H are derived from conjugates of Uganda of Formula 

Db: 

[{hThftitorj^A^-CKgand] <nb) 

2 ) m Formulae II, Ha and lib, m is preferably 1 or 2. and is most preferably 1 ■ 



/ 



Suitable Uganda for use in the present invention whicn term menu ™— - 

to translation include: chelating agents, where 2-6. preferably 2-4, metal donor 
atoms are arranged such that 5- or d-membered chelate rings result (by having a non- 

2 5 coordinating backbone of either carbon atoms or non-coordinating heteroatoms Unking 
the metal donor atoms); or monodentatc Ugands which comprise donor atoms which 
bind strongly to the metal ion, such as isonitriles. phosphines or diodes. Examples 
of donor atom types which bind weU to metals as part of chelating agents are: arnines, 
thiols, amides, oximes andphospbIr.es. Phosphmes form such strong metal complexes 

'•0 that even monodentate or bidentate phospbines form suitable metal complexes. The 
linear geometry of isonitriles and diazenides is such that they do not lend themselves 
.eadily to incorporation into chelating agents, and are hence typically used as 
monodentate Ugands. Examples of suitable isonhriles include simple alkyl isonitriles 
such as ^-butylisoiritrile, and ether-substituted isomtriles such as mibi (i.e. 1- 
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isocyano-Z-meflioxy^in^ylpropane). Examples of suitable phosphines include 
Tetrofosmin, aid mcmoteate phosphines mch as ^(3-niethoxypxopyl)phosphme. 
Examples of suitable diazenides include Ifce HYtflC series of ligands i.e. hydrazine- 
substituled pyridines or nicotinamides. 

Examples of suitable chelating agents for technetium which form metal complexes 
resistant to transchelation include, hut are not limited to: 




1) 



15 



15 



(i) diaminedioximes of formula: 




where E^.are each independently an R' group; 

each R' is H or C wo alkyl, C 3 .iq alkylaryl, C 2 -ioa1koxyalkyl, Q.iohydroxyalkyl, C w0 
fluoroaflcyl, C2.ro carboxyalkyl or C M0 aminoalkyl, or two or more R' groups together 
with the atoms to which they are attached form a carhocyclic, heterocyclic, saturated 

or unsaturated ring, and wherein one or more of the R' groups is conjugated to the 
MMP inhibitor; 

and Q is a bridging group of formula -(J> ; 

where f is 3, 4 or 5 and each J is independently -O-, -NR'- or -C(R> provided that - 
(J)r-contains a maximum of one J group which is ~0- or -MR'-. 



Q groups ate as follows: 
Q - -(CHcOCCHRKCHi)^ ie. propylamine oxime or PnAD derivatives; 
Q = -(CH 2 )2(CHR r XCH 2 )2- ie. pemyleneamtoe oxime ox PentAO derivatives; 
Q » -(CH 2 ) Z NR'(CH2)2-. 

E 1 to E 6 are preferably chosen fioro: Ow aBsyl, alkylaryl alkoxyalkyl, 
fl^rtidkvL carboxvalkyl or aminoalkyL Most preferably, eachE 1 to E° gron, 
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The MMP mhibitor is preferably conjugated at either the E 1 or E 6 R' group, or an R' 
group of the Q moiety. Most preferably, the MMP inhibitor is conjugated to an R' 
group of the Q moiety. When the MMP inhibitor is conjugated to an R' group of the 
Q moiety, the R' group is preferably at the bridgehead position, hi that case, Q is 
preferably -(CH 2 )(CHR0(CH2)- . 

-(CHJaCOJROCCEWz- or -(CTONR'(CH 2 ) 2 -, most preferably KCH 2 ) 2 (CBR0(CH 2 )r. 
An especially preferred bitunctional diaminedioxiinc chelator has the Formula: 

HKf NH 



1) 





I 

OH 



I 



(Chelator 1) • *» 

snich that the MMP inhibitor is conjugated via the bridgehead -CHjCH^TSlHi group. 



(ii) N 3 S ligands having a thioltriamide donor set such a* MAG3 
(mercaptoacetyltriglycinc) and elated ligands; or having a diamidepyridmethiol donor 

set such as Pica; 

J 5 (iii) N2S2 ligands having a diaminedifhiol donor set such as BAT or BCD (i.e. 
ethylcystemate aimer), or an amideaminedithiol donor set such as MAMA; 

(iv) K* ligands which are open chain or macrocyclic ligands having a teteunine, 
amidetriamine or diaimdediamine donor set, such as cyclam, monoxocyclam or 

J 0 dioxocyclam. 

(v) NjO^ ligands having a dianiinsdiphenol donor set 

... - 

The above described ligands are particularly suitable for completing technetium eg. 
: .5 Mm Tc or ^"Tc, and are described more fully by Jurisson et al [Chem.Rev., 99, 2205- 
2218 (1999)]. The ligands axe also useful for other metals, snch as copper (^Cu or 



'i 
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*Cu), vadium (eg. 48 V), iron (eg. "Fc), or cobalt (eg. 53 Co> Other suitable Uganda 
are described in Sandoz WO 91/01144, which includes ligands Which are particularly 
suitable for indium, yttrium and gadolinium, especially maaocyctic an^ocaiboxylate 
and aminophospbomc acid ligands. ligands which form non-ionic (i.e. neutral) metal 
: complies of gadolinium axe known and are described in US 4885363. When the 
radiometal ion is technetium, the ligand is preferably a chelating agent which is 
tenadentate. Preferred chelating agents for technetium are the diannnetf oxhnes, or 
those having an N 2 S 2 or N 3 S donor set as described above. 

Polydentate hydxoxamic acids which are chelating agents are known to form metal 
1 } complexes wifc mdiometals, including 99m Tc [Safavy el al, Bioconj. Chem.. 4 194- 
198 (1993)]. The present inventors have, however, found mat monodentate 
hydroxamic acids such as when X 3 is H in Foxmula CO, the hydroxamic acid MMPi 
may compete effectively with the conjugated ligand for the mdiometal Hence, when 
X 3 is H particular care is needed in the selection of ihe ligand, ie. it is necessary to 
1 5 choose a ligand which competes effectively with the hydroxamic acid MMPi for the 
. radiometal, to avoid formation of undesirable [hydroxamic acmHwdiometal] metal 
complexes. Suitable such ligands include: phosphines; isonitriles; N4 chelating agents 
having a tetramme, anndetriamine or diamidediannne donor set; N 3 S chelating agents 
having a tmolmamide donor or diamidepyrioinethiol donor set; or NA chelating 
1 0 agents having a dianrinedithiol donor set such as BAT or an amidcamineditHol donor 
set such as MAMA. Preferred such ligands include: the N4, N3S and N 2 S 2 chelating 
agents described above, most preferably N4 tetramine and N2S2 diammeoithiol or 
dianridedimiol chelating agents, especially the N2S2 diaminedithiol chelator known as 
BAT: 



"5 




HH H39 




BAT 



It is strongly preferred flu* the matrix metalloproreinase inhibitor is bound to Hie 
metal complex in such a way mat the linkage does not undergo facile metabolism in 
blood, since that would result in me metal complex being cleaved off before the 
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labelled metoUoprotetoc inhibitor reached the desired m vivo target site. The mata 
metalloproteinase inhibitor is therefore preferably covalently bound to the metal 
complexes of the present invention via linkages which are not readily metabolised. 

: When the imaging moiety is a radioactive halogen, such as iodine, the MMP mhibitor 
is suitably chosen to include: a non-radioactive halogen atom such as an aryl iodide 
or bromide (to permit radioiodine exchange); an activated aryl ring (e.g, a phenol 
group); an organometallic precursor compound (eg. trialkyltin or malkylsilyl); an 
organic precursor such as triazenes or a good leaving group for nwleophilic 
substitution such as an iodonium salt Methods of infcoducing radioactive halogens 
(mchiding 123 I and lB F) are described by Bolton [J.Lab.Comp^adiophann., 45, 485- 
528 (2002)]. Examples of suitable aryl groups to which radioactive halogens, 
especially iodine can be attached are given below: 



1) 



-~*C~~y~ snBu; 




] 5 Both contain substituents which permit facile radioiodine substitution onto die 
aromatic ring. Alternative substitueuts containing radioactive iodine can be 
synthesised by direct iodination via radiohalogen exchange, e.g. 





: .0 When the imaging moiety is a radioactive isotope of iodine the radioiodine atom is 
preferably attached via a direct covalent bond to an aromatic ring such as a benzene 
ring, or a vinyl group since it is known that iodine atoms bound to saturated aliphatic 
systems arc prone to in vivo metabolism and hence loss of the radioiodine. 



f-1 



, r 
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When the imaging moiety comprises a radioactive isotope of fluorine (eg. 18 F), the 
xadioiodfee atom maybe carried out via direct labelling using the reaction of l8 F- 
fluoride with a suitable precursor having a good leaving group, such as an alkyl 
bromide, alkyl mesylate or alkyl tosylate. I8 F can also be introduced by N-alkylation 
; of amine precursors with alkylating agents such as 18 F(CH 2 )sOMs (where Ms is 
^™w* tn mv e N-fCH,W s F. or O-idkvlation ofbydroxyl groups with 



18 F(CHa)sOMs or ^{CH&Br. 1? F can also be introduced by alkylation of N- 
haloacetyl groups with a 18 F(CH 2 ) 3 OH reactant, to give -NH(CO)CH 2 0(CH z >j ls F 
derivatives. For aryl systems, l8 F-fhioride displacement of nitrogen from an aryl 
1) diazonium salt is a possible route to aryl- 1B F derivatives. See Bolton, 

J.I^.Coxnp.RtMJiophatm., 45, 485-52S (2002) for a description of routes to ,8 F- 
labelled derivatives. 

Preferred matrix metalloproteinase inhibitors of the present invention are of Formula 
15 IV: 

(CH 2 ) w (CO)Z 
ft I R 

X 3 0 




(IV) 

where: 

Y 2 , w and Z are as defined above; 

X 3 is H, CHs or CBaF; 
; .0 X" is -(CHaV Where m is 1, 2 or 3, -CH 2 OCH 2 - ox X 5 where X s is 

-CH-O-CH" 

where t is 2 or 3. 

In Formula (IV), X 3 is preferably H or CH 3 . most preferably H. X 4 is preferably 
_(CH 2 )2-, -CBbOCHz- or an X 5 group with t equal to 2. X* is most preferably 
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_(CH 2 )r or -OfeOCHa-. Preferred Y\ w and Z groups of Formula (W) are as 
described for Foimola CD above, 

Whentha imaging agent comprises a MMP inhibitor of FormulalV, and the imaging 
moiety is a gauima Wring radioactive halogen, me imaging moiety is preferably 
attached at either the Y 2 , Z or X* substitaents, most preferably the Y* or Z substiraents. 
When the imaging moiety is a posWemmingradioadive non-metal, it is preferably 
attached at the X 3 , X 4 , Y 2 or Z substitute, most preferably the X* or Z positions. 
When X 3 is H, the positron-emuting radioactive non-metal is most preferably attached 
at the Z or X* positions, most preferably the 2 position. 

When the imaging moiety is a radioactive or paramagnetic metal ion, one of the X 4 or 
Z subatituents is preferably attached to or comprises the imaging moiety. Most 
preferably, the Z substitaent of Formula IV is preferably attached to or comprises the 
; radioactive or paramagnetic metal ion imaging moiety. 



0 



Preferred matrix metaUoptoteinase inhibitors of the present invention are 



of Formula 



HO 



(CH 2 UCO)Z 

o 1 o 




CH 2 CH 2 O 



X 



00 



where 



X 6 is Hal, R 1 or OR 1 , where R 1 is Ci-s alkyl or C,. 3 ftaoroafcyL 



Preferred X*, w and Z groups of Formula 00 are as described for Formula <W) above, 
wis most preferably 2, X 6 is preferably F, most preferably 4-fluoro. 

15 The MM? inhibitor compounds of the present invention maybe prepared as 

* 

summarised in Scheme i: 
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Scheme 1: Synthesis of Compound 1. 
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The synthesis of the analogous MMPi Compound 27 is given in EP 089598S Al and 
Example 5. Further references to syntheses are provided in the review by Sidles et al 
[CunJVle&Chem., JL 425-474 (2001)]. 

When me imaging agent of the present invention comprises a radioactive or 
paramagnetic metal ion, the metal ion is suitably present as a metal complex. Such 
metal complexes are suitably prepared by reaction of the conjugate of Formula lib 
with the appropriate metal ion. The hgand-conjugate or delator-conjugate of the 
MMP mhibitor of Formula lib can be prepared via the bifuncuW chelate approach. 
Thus, it is well known, to prepare ligands or chelating agents which have attached 
thereto afunctional group ('^functional linkers" or Afunctional chelates" 
respectively). Functional groups that have been attached include: amine, tMocyanate, 
maleimide and active esters such as N-hydroxysuccmmude or pentafluorophenoL 
Chelator 1 of me present invention is an example of an amine-fbnctionalised 
bifunctional chelate. Bifunctional chelates based cm thiolactonos, which can be used 



15 



mm ^ — ■ • ■ < ^ 

to prepare BAT chelator-conjugates are described by Baidoo et al [Biooonj .Chem.. 5, 
1 14-118 (1994)]. Bifunctional chelates suitable for completion to a technetium or 

-_i mm mm.m m <t« — V l^tr^uftn^lA e-l.-mt'll^t'ir* 



>■•-> 



iyatihel 



raenixim ixitmuuijy i wiv -v -> 

approach to new Afunctional chelating agents tailor made for labeling with thc/< 
: 0 [M(CO)3l + core (M - Tc, 55n Tc, Re): synthesis, in vitro, and in vivo behavior of the 
model complex [M(AFFA)<CO) 3 ] (appa = [C5-ammo-peniyl)-pyridiii-2-yl-methyl- 
aminol-acetic acid); NueL Med, Biol, 3fi, 465-470 (2003)]. Bifunctional HYNIC 



:.5 



ligands are described oy eowaras et at idwcotlj^u.^., «, — ^—■^ 

Afunctional chelates can be reacted with suitable functional groups on the matrix 
metafloproteutase inhibitor to form the desired conjugate. Such suitable functional 



groups on the inhibitor include: 



;0 



carhoxyls (few amide bond formation with an amme-fcmctionalised bifunctional 
chelator); amines (for amide bond formation with an carboxyl- or active ester- 
functionaHsed bifunctional chelator); 

halogens, mesylates and tosylates (fbrN-alkylation of an ainine-fimctionalised 
bifunctional chelator) and 

Ihiols (for reaction with a maleimide-functionalised bifunctional chelator). 
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The radiolabelliBg of the MMP inhibitors of the present invention can be conveniently 
carried oat using '"precursors". When the imaging moiety comprises a metal ion, such 
precursors suitably comprise "conjugates* of the MMP inhibitor with a ligand, as 
described in the fourth embodiment below. When the imaging moiety comprises a 

; non-metallic radioisotope, ie, a gamma-emitting radioactive halogen or a positron- 
emitting radioactive non-metal, such precursors" suitably comprise a non-radioactive 
material which is designed so that chemical reaction with a convenient chemical form 
of the desired non-metallic radioisotope can be conducted in the minimum number of 
steps (ideally » single step), and without the need for significant purification (ideally 

in no further purification) to give the desired radioactive product. Such precursors can 
convenienfly be obtained in good chemical purity and, optionally supplied in sterile 
fbxm. 



It is envisaged that "precursors" (including ligand conjugates) for radiolabelling of the 
1 5 MMP inhibitors of tibe present invention can be prepared as follows: 

\ 

The terminal -OH group of aa -N(CH2) 2 OH or -tf (CHz^OH derivative may be 
converted to a tosyl or mesyl group or bromo derivative, which can then be used to 
conjugate an amino-fimctianalised chelator. Such tosylate, mesylate or bromo groups 
23 of the precursors described may alternatively be displaced with [ ,8 F]fluoride to give 
an ^-labelled PET imaging agent. 



l&adioiodine derivatives can be prepared from the corresponding phenol precursors. 
Alkyl bromide derivatives may be used for N-alkylation of an amine-fiinctionalised 
3 5 chelator. Phenyl iodide derivatives can be converted to organometallic precursors for 
radioiodination compounds, such as trialkyltin or aryl trimethylsilyl (IMS) precur$oxs. 
Phenyl iodide derivatives can also be converted to an aryl iodonium precursor for 
radiofluorination with 18 F-JEluoridc 

• 0 Primary amine- jfunctionalised MMP inhibitors may be reacted with acid anhydrides to 
give N-fbnctionaJiscd precursors of the type -iSTC^CCHj^COzH, which can then be 
conjugated to bifiinctional aorine-contafrimg Uganda. Such primary amine substituted 
MMPis can be prepared by alkyl?4ipn of bromo derivatives with bepzylamine, 
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followed by removal of the benzyl protecting group under standard conditions such as 
hydrogenation using a palladium catalyst on charcoal. 

Arnine-nincuonaHaed MMPis may be conjugated directly with a csrboxyl- or active 
• ester-functionalised bitetional chelator, or via a linker. Such compounds may also 
be reacted with a alkylating agent suitable for % labelling such as ^(CH&OTs 
(where Ts is a tosylate group) or 18 F(CH 2 ) 2 OMs (where Ms is a mesylate group), to 
give the corresponding N-functionalised amine derivative having an N(CHa)a F 
substituent. Alternatively, the amine can first be reacted with chloroacetyl chloride to 
1 > give fee -N(CO)CH 2 Cl N-derivatised amide, followed by reaction with HS(CH*V F 
or HO(CH 2 ) 3 1B F to give the -N(CO)CH2S<CHi)3 l8 F and -NCCOCH.OCCH^ 1 ^ 
products respectively. 

The radiometal complexes of the present invention may be prepared by reaction of a 
1 5 solution of the radiometal in the appropriate oxidation state with the ligand conj agate 
of Formula Ha at me appropriate pH- The solution may preferably contain a ligand 
which complexes weakly to me metal (such as gluconate or citrate) ie. the radiometal 

rJ ^ is prepared by Hgand exchange or translation. Such conditions are useful 

uTsuppress undesirable side reactions such as hydrolysis of the metal ion. When the 

metal ion is "™Tc, the usual starting material is sodium pertechnetate from a 
-mo generator. Technetium is present in '^Tc-pertechnetate in the Tc(VH) 
ordoation state, which is relatively nnreactive. The preparation of technetium 
complexes of lower oxidation state Tc(D to Tc(V) therefore usually requires the 
addition ofa suitable pharmaceutical^ acceptable reducing agent such as sodium 
: 5 drtmomte, sodium bisulphite, ascorbic acid, formamidine sulphmic acid, stannous ion, 
Fe(I[) or CuCT), to facilitate complexation. The phaimaceutically acceptable reducing 
agent is preferably a stannous salt, most preferably stannous chloride, stannous 
fluoride or stannous tartrate. 



SO 



; o When the imaging moiety is a hyperpolarised NMR-active nucleus, such as a 

hyperpolarised 13 C atom, the desired hyperpolarised compound can be prepared by 
polarisation exchange from a hyperpolarised gas (such as 1M Xe or 3 He) to a suitable 
u C-enriched hydroxamic add derivative. 
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In a second aspect, the present invention provides a pharmaceutical composition 
which comprises the imaging agent as described above, together with a biocompatible 
carrier, in a form suitable for mammalian administration. The biocompatible carrier" 
is a fluid, especially a liquid, which in which the imaging agent can be suspended or 
dissolved, such that the composition is physiologically tolerable, ie. can be 
administered to the mammalian body without toxicity or undue discomfort. The 
biocompatible carrier is suitably an injectable carrier liquid such as sterile, pyrogen- 
free water for iojectibn; an aqueous solution such as saline (which may 
advantageously be balanced so that the final product for injection is either isotonic or 
not hypotonic); an aqueous solution of one or more tonicity-adjustmg substances (eg. 
salts of plasma cations with biocompatible counterions), sugars (e.g. glucose or 
erase), sugar alcohols (eg. sorbitol ormaimitol), glycols (eg. glycerol), or other non- 
polyol materials (eg. polyethyleneglycols, propylene glycols and the like). 



sut 
ionic 



15 In a third aspect, the present invention provides a radiopharmaceutical composition 
which comprises the imaging agent as described above wherein the imaging moiety is 
radioactive, together with a biocompatible carrier (as defined above), in a form 
suitable for mammalian administration. Such radiopharmaceuticals are suitably 
supplied in either a container which is provided with a seal which is suitable for single 

: 0 or multiple puncturing with a hypodermio needle (e-g. a crimped-on septum seal 
closure) whilst mamtammg sterile integrity. Such containers may contain angle or 
nmltiple patient doses. Preferred multiple dose containers comprise a single bulk vial 
(e.g. of 10 to 30 cm 3 volume) which contains multiple patient doses, whereby single 
patient doses can thus be withdrawn into clinical grade syringes at various time 

* 5 intervals during the viable lifetime of the preparation to suit the clinical situation. 
Pre-filled syringes are designed to contain a single hnman dose, and are therefore 
preferably a disposable or other syringe suitable for clinical use. The pre-filled 
syringe may optionally be provided with a syringe shield to protect the operator from 
radioactive dose. Suitable such radiopharmaceutical syringe shields are known in the 

: ;0 art and preferably comprise either lead or tungsten- 

When the imaging moiety comprises Wro Tc, a radioactivity content suitable for a 
diagnostic imaging radiopharmaceutical is in the range ISO to 1500 MBq of 9pni Tc, 
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depending on the site to be imaged in vivo, the uptake and the target to background 
ratio. 

M a fourth aspect, the present invention provides a conjugate of the matrix 
metaUoprotehiase inhibitor of Formula © wifli a ligand. Said ligand conjugates axe 
^eful for the preparation of matrix metalloproteinase inhibitors labelled wifo either a 
radioactive metal ion or a paramagnetic metal ion. Preferably, the ligand conjugate is 
of Formula Ha, a* denned above. Most preferably, the MMP inhibitor of the ligand 
conjugate is of Formula IV, as defined above. The Jigand of the conjugate of the 
fcurfo aspect of foe fove^^ i^eferably, Ibe chelating 

agent has a d^arninedioxime, N 2 S 2 . or N 3 S donor set 

In a fiflh aspect, the present invention provides precursors useful in the preparation of 
radiopharmaceutical preparations where the imaging moiety comprises a nott-metaBic 
radioisotope, ie. a gamraa-enutting radioactive halogen or a positron-emitting 
radioactive non-metal. Such "precursors" suitably comprise a non-radioactive 
derivative of die matrix metalloproteinase inhibitor material which is' designed so that 
chemical reaction with a convenient chemical form of me desired non-metallic 
radioisotope can he conducted in foe minimum number of steps (ideally a single step), 
and without the need for significant purification (ideally no former purification) to 
give the desired radioactive product Such precursors can conveniently be obtained in 
good chemical purity. Suitable precursors are derived from examples described in 
Bolton, JXab.CompJUuhophaim.. 45. 485-528 (2002). 



Preferred precursors of this embodiment comprise a derivative which either undergoes 
electropbilic or nucleophihc halogenatioa; undergoes fecile alkylation with an 
alkylating agent chosen from an alkyl or fluoroalkyl halide, tosylate, hiflate (ie. 
triffooromemanesulphonate) or mesylate; or alkylates miol moieties to form thioether 
Hnkages. Examples of the first category are: 

(a) organometallic derivatives such as a trialkylstannane (eg. trimethylstannyl or 
tribntylstaanyl), or a triaHcylsilane (eg. trimethylsilyl); 

(b) a non-radioactive alkyl iodide or alkyl bromide for halogen exchange and 
alkyl tosylate, mesylate or triflate for nucleophuic halogenation; 



•i 
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(c) aromatic rings activated towards electrophilic halogenation (eg. phenols) and 
aromatic rings activated towards nucleophffic halogenation (eg. aryl iodomum, 
aryl diazonimn, ratio aryl). 

i Preferred derivatives which undergo facile aikylation are alcohols, phenols or amine 
groups, especially phenols and stericaUy-urMndered primary or secondary amines. 



1) 



Preferred derivatives which alkylate fMol-containing radioisotope reactants are N- 
haloacetyl groups, especially Hf-chloroacetyl and N-bromoacetyl derivativBs. 



When X 3 in Formula I is H, suitable precursors for MMPi's of Formula I may 
iherefbre comprise a derivative where X 3 is a protecting group (P 0 ) for me 
bydroxamic add moiety. By the term protecting group" is meant a group which 
inhibits or suppresses undesirable chemical reactions, but wWch is designed to be 
15 sufficiency reactive that it may be cleaved from the functional group in question 
under mild enough conditions mat do not modify the rest of the molecule. After 
: deprotection the desired product is obtained. Protecting groups are well known to 
those skilled in me art and are suitably chosen from, for amine groups: Boc (where 
Boo is tert-butyloxycarbonyl), Fmoc (where Fmoc is fluoxenyhnemoxycarbonyl), 
:o triflimmacetyl, allyloxycarbonyl, Dde [Le, l<4„4HMm.eflryl-2,6- 
dioxocyclohexyndcne)^] or Npys (i.e. 3-mtro^2- P yridine sulfenyl); and for 
carboxyl groups: metbyl ester, *ert-butyl ester or benzyl ester. For hydroxyl groups, 
suitable protecting groups are: benzyl, acetyl, benzoyl, trityl CI*) or trialkylsilyl such 
as tetrabutyldimerhylsilyL For thiol groups, suitable protecting groups are: trityl and 
: 5 4-methoxybenzyl. Preferred protecting groups for the hydroxyl group of a 
bydroxamic acid moiety are: benzyl or trialkylsilyl. The use of further protecting 
groups are described in 'Protective Groups in Organic Synthesis'. Theorodora W. 
Greene and Peter G. M. Wuts, (John Wiley & Sons, 1991). 

. .0 Preferred convenient chemical forms of foe desired non-metallic radioisotope include: 

(a) halide ions (eg. l23 I-iodide or IB F-nuoride), especiallyin aqueous media, 

for substimtion reactions; 
<b) 1 'C-roethyl iodide or l8 F-fluoroalkylene compounds having a good leaving 

group, such as bromide, mesylate or tosylate; 
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(c) HS(CH2) 3 1B F for S~&lkylation reactions with alkylating precursors such as 
N-chloroacetyl or N-bromo acetyl derivatives. 
Examples of stable sach "precursors", and methods for foeir preparation are 
described m the first embodiment (above). 

hi a sixth aspect, the present invention provides a non-radioactive kit for foe 
preparation of foe radtophaimaceutical composition described above where the 
imaging moiety comprises a radiotnetal, which comprises a conjugate of a ligaudjrifo 
the matrix metaUoproteiuase inhibitor of Formula (T). Whenfoerafoometalis^c, 
the Mt suitably forther comprises a biocompatible reductant- The ligand conjugates, 
and preferred aspects thereof, are described in foe fourth embodiment above. 

Such kits ate designed to give sterile ^pharmaceutical products suitable for human 
administration, e.g. via direct injection into foe bloodstream. For ""To, foekit ia 
preferably lyophilised and is designed to be reconstituted with sterile Tc- 
pertechnetate (TcCV) &om a Mn Tc radioisotope generator to give a solution suitable 
fot Wan admiration without further manipulation. Suitable kits comprise a 
container (eg. a septum-sealed vial) containing foe ligand ox chelator conjugate in 
eifoer flee base or acid salt form, together with a biocompatible reductant such as 
sodium dithionitc, sodium bisulphite, ascorbic acid, formamidine solphinic acid, 
stannous ion, Fe(H) or Cufl). The biocompatible reductant is preferably a stannous 
salt such as stannous chloride or stannous tartrate. Alternatively, foe kit may 
optionally contain a metal complex which, upon addition of foe radiornetaL u 
tiansmetallation (Le* metal exchange) giving foe desired product 



The non-radioactive kits may optionally further comprise additional components such 
as a translator, radioprotectant, antimicrobial preservative. pH-adjusting agent or 
filler. The "transchelato^ is a compound which reacts rapidly to form a weak 
complex with technetium, then is displaced by the ligand. This minimises foe risk of 
formation of reduced hydtolysed technetium (RHT> due to rapid reduction of 
pertechnetate competing with technetium compilation. Suitable such transchelators 
are salts of a weak organic acid, ie. an organic acid having a pKa in foe range 3 to 7, 
wifo a biocompatible cation. Suitable such weak organic acids are acetic acid, citric 
acid, tartaric acid, gluconic acid, glucobeptonic acid, benzoic acid, phenols or 
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phosphoric acids. Hence, suitable salts are acetates, citrates, tartrates, gluconates, 
glucoheptanates, benzols, pheuolates ox phosphorates. Preferred such salts are 
tartrates, gluconates, glueeheptonaies, benzoates, or phosphonates, most preferably 
phosphonates, most especially diphosphonates. A preferred such transchelator is a salt 
; of MDP, ie. methylenediphosphonic acid, with a biocompatible cation. 

By the term -^©protectant" is meant a compound which inhibits degradation 
reactions, such as redox processes, by trapping higbly-reactivc free radicals, such as 
oxygen-containing free radicals arising from the radiolysis of water. The 
1- ) mdioprotectants of the present invention are suitably chosen from: ascorbic acid, 
^am-aminobenzoic acid (ie. 4-aminobenzoic acid), gentisic acid (ie. 2,5- 
dihydroxybenzoic acid) and salts thereof with a biocompatible cation as described 

above. 

15 By the term "antimicrobial preservative" is meant an agent which inhibits the growth 
of potentially harmful micro-organisms such as bacteria, yeasts or moulds. The 
antimicrobial preservative may also exhibit some bactericidal properties, defending on 
me dose. The main role of the armmicrobial P reservative(s) of the present invention is 
to inhibit the growth of any such microorganism in the ramopharmaceutical 

2D composition post-rcconstitution, ia m the radioactive diagnostic product itself. The 
antimicrobial preservative may, however, also optionally be used to inhibit the growth 
of potentially harmful micro-organisms in one or more components of the non- 
radioactive ldt of the present invention prior to restitution Suitable antimicrobial 
preservative^) include: the parabens, ie. metnyt, ethyl, propyl or butyl paraben or 

^ _t 1 1. ^.u^^i- rr«n1- <M»rrimide and thiomersal. Preferred 



antimicrobial preservative^) are the parabena. 



The term '^H^jTisting agent" means a compound or mixture of compounds useful to 
ensure mat the P H of the reconstituted kit is within acceptable limits (approximately 
1 0 pH 4.0 to 10.5) for human or mammalian adnmustration. Suitable such pH-adjusting 
agents include pharmaceuticalry acceptable buffers, such as tridne, phosphate or TRIS 
[ie. rrf^ydroxymemy^ammomemanB], and phannaceutically acceptable bases such 
as sodium carbonate, sodium bicarbonate or mixtures thereof. When the conjugate is 



< 
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employed in acid salt form, the pH adjusting agent may optionally be provided in a 
separate vial or container, so that the user of the kit can adjust the pH as part of a 
multi-step procedure. 

By the term •'filler" is meant a pharmaceutical^ acceptable bulking agent which may 
facilitate material handling during production and lyopnilisatioru Suitable fillers 
include inorganic salts such as sodium chloride, and water soluble sugars or sugar 
alcohols such as sucrose, maltose, mannitol or trehalose. 



» Jh a seventh aspect, the present invention provides kits for the preparation of 
radiopharmaceutical preparations where the imaging moiety comprises a non-metallic 
. radioisotope, ie. a gainma-emitting radioactive halogen or a position-emitting 
radioactive non-metal. Such kits comprise the "precursor" of me fifth embodiment, 
preferably in sterile non-pyrogenic form, so that reaction with a sterile source of me 

S radioisotope gives me desired radiophannaceutical with the mmimum number of 
manipulations. Such considerations are particularly important for 
Tamopharmaceuticals where the radioisotope has a relatively short half-life, and for 
ease of handling and hence reduced radiation dose fbr the radiopharmacist. Hence, Ihe 
reaction medium for reconsdmtion of such kite is preferably aqueous, and in a form 

0 suitable for mammalian administration. 

* 

The "precursor" of me kit is preferably supplied covalently attached to a solid support 
matrix, m mat way, the desired radiopharmaceutical product forms in solution, 
whereas starting materials and impurities remain bound to the solid phase. Precursors 
5 for sohd phase electrophffic fluorination with ^-fluoride are described in WO 
03/00248$. Precursors for solid phase nucleophttic fluoridation with 18 F-fmoride are 

described in WO 03/002157. The kit may therefore contain a cartridge which can be 
plugged into a suitably adapted automated synthesizer. The cartridge may contain, 

apart from Ihe solid support- bound precursor, a column to remove unwanted fluoride 
;0 ion, and an appropriate vessel connected so as to allow the reaction mixture to be 

evaporated and allow the product to be formulated as required. The reagents and 
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solvents and other consumables required for the synthesis may also be incmaea 
together with a compact disc carrying the software which allows the synthesiser to be 
operated in a way so as to meet the customer requirements for radioactive 
concentration, volumes, time of delivery etc. Conveniently, all components of the kit 
are disposable to mmimise the possibility of contamination between runs and will be 
sterile and quality assured, 

m m eighth aspect, the present invention discloses the use of the matrix 
^^Z^ M a*** ****** *r 

of atherosclerosis, especially unstable vulnerable plaques. 

In a further aspect, the present invention discloses the use of the matrix 
metalloproteinase inhibitor imaging agent described above for the diagnostic imaging 
of other inflammatory diseases, cancer, or degenerative diseases. 

m a further aspect, the present invention discloses the use of the matrix 
metalloproteinase inhibitor imaging agent described above for the intravascular 
detection of atherosclerosis, especially unstable vulnerable plaques, using proximity 
detection. Such proximity detection may be achieved using intravascular devices 
sucb as catheters or iirtra-operatively using hand-held detectors (eg. gamma detectors). 
Such intravascular detection is particularly useful when the imaging moiety is a 
reporter group suitable for in vivo optical imaging or a Remitter, since such moieties 
may not be readily detected outside the mammalian body, but are suitable for 
proximity detection. 



The mvention is illustrated by me non-limiting Examples detailed below. Example I 
describes the synthesis of the coinpound l,l,1^2-ammoemyl)mefhane. Example 2 
provides an alternative synthesis of l.l^l-^-animoemyljmeihane which avoids the 
use of potentially hazardous azide mtermediates. Example 3 describes the synthesis 
of a cMoronihosoalkaue precursor. Example 4 describes the synthesis of a preferred 
anime-substimtedbiranctional diaminedioxime of the present invention (Chelator 1). 



13:42 FROM-awrshan. Btoup patanta +01494 643677 T-897 P.035/074 F-ll 

29 

Example 5 provides a synthesis of aMMPi of the invention, Compound 27, Example 
6 provides the synthesis of a phenol-substituted MMPi precursor suitable for 
radiohalogenation (Compound 23). Example 7 describes the synmesis of an 
iodoaniline precursor suitable for radiohalogenation (Compound 26). Example 9 
provides the synmesis of a chelator conjugate of an MMPi of me invention. Example 
1 0 provides the synthesis of an MMPi functionaUsed with a PEG linker group. 
Example 11 describes the synmesis of a chelator conjugate having a PEG linker group. 
Example 12 provides the synthesis of a chloroacetyl precursor suitable for PET 
radiolabeffing. Example 13 provides the synthesis of iMoemer-linked flnoroalkyi 
MMPi derivatives. Example 14 provides a range of amino acid and/or PEG-linked 
MMPis to permit modification of the biological properties. 

* 

Examples 15 and 16 provide the syntheses of suitable ^-labelled compounds for 18 F 
MMPiradiolabellmg. Example 17 describes in vitro assays showing that the 
S derivatives of the MMPis of the present invention retain biological activity as MMP 
inhibitors. Example 18 provides a general 99m Tc mdiolabelling method for chelator 
conjugates. Example 19 provides aradioiodinanon procedure for suitable precursors 
of the invention. Example 20 provides evidence that radioiodmated derivatives of me 
invention exhibit adequate plasma stability to function as fa vivo imaging agents. 
0 Example 21 describes the uptake of radioiodmated imaging agents of the invention in 
tumour models in wVO. 

Example 22 shows that the biodistribution can be modified using the linker groups of 
the invention- Compound 20 A- (ie. Compound 24A with a PEG3 spacer) showed 
5 similar blood residence, but a 1 0% increase in urinary excretion and corresponding 
10% decrease in HBS compared to Compound 24A. Therefore me addition of a 
biomodifier resulted in a change ^pharmacokinetics. Uptake into the tumour was 
slightly lower than that seen for Compound 24 A but retention was slightly increased. 
Compound 32A exhibited high initial blood retention, which cleared with time. Good 
.0 tumour uptake and retention were seen up to 1 hour post injection. High urinary 

excretion and low GI excretion were seen. These pharmacokinetics are more desirable 
and significantly different from those of the compound without the biomodifier (ie. 
Compound 24A), demonstrating the beneficial effects of biomodification with these 
compounds with no loss of inhibition potency. 
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Example 23 describes tumour imaging in a tumour models. 

Figure 1 shows the chemical structures of several compounds of the invention, 
including anMMPi from which they are derived (Compound 1). Figure 2 shows the 
chemical structures of 3 MMPis of the invention. Figure 3 shows images obtained 
from Example 23- 



1j 



Example 1 - ftYMfoesis of l.l.l-rr&(2^T^1f Bt1lvnmetll8me - 



dime! 



Caibcmethoxymemytotriphenylpliosnnorane (iofg, u.^moy ^ T "~ 
Heated with dimethyl 3-oxogltHaiate (87g, 0.5mol) and the reaction heated to 100°C 

15 on an oil bath at 120°C under an atmosphere of nitrogen for 36h. The reaction was 
then concentrated in vacuo and the oily residue triturated with 40/60 petrol 
' eaxer/diethyletherlri, 600ml. Triphenylphosphine oxide precipitated out and the 
supernatant liquid was decanted/filtered off. The residue ik evaporation in vacuo was 
Kngelrobr distilled under high vacuum Bpt (oven temperature 1SO-200 D C at 0.2torr> 

23 to give 

3-(methoxycarbonylmethyleae) glutaric acid dimethylester <89.0Sg, 53%). 
NMR ^(CDCfe): 5 3.31 (2H, s, CHa), 3.7(9H> s, 3xOCH 3 ), 3.87 (2H, s, Ofc), 5.79 
(1H, s, =CH, ) ppro- 

NMR 13 C(CDClj), 5 36.56.CH 3 , 48.7. 2xCH 3 , 52.09 and 52.5 (2xCH 2 ); 122.3 and 
: 5 146.16 C=CH; 165.9, 170.0 and 170.5 3xCOO ppm. 



lvhrieths 



HmethoxycarbWlmemylene)glutaric acid dimethylester (89g> 267mmoI) m 
methanol (200ml) was shaken with (10% palladium on charcoal: 50% water) (9 g) 
:0 under an atmosphere of hydrogen gas (3.5 bar) for (30h). The solution was filtered 
through Jrieselguhr and concentrated in vacuo to give 3- 
Onemoxycarbonylmemyl)glutaiic acid dimethylester as an oil, yield (84.9g, 94 %)- 

NMR "mCDCh% 6 2.48 (6H, 4, 1=8112, 3xCH2>, 2.78 0H, hextet, J=8Hz CH, ) 3.7 
(9H, s, 3xCH 3 ). ___ 
: .5 NMR l3 C(CDCl3)» 8 28.6, CH; 37.50. 3xCH 3 ; 51.6, 3xCIfc; 172.28,3xCOO. 
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/R mn «V Reduction **A agterific * ^ of trimethvl ester to the triag e, 
§Sr L atmosphere of nitrogen in a 3 n ecked 2L round bottomed flask lithium 
aluminum hydride (20g, 588mmoI) in tctrabydrofuran (400ml) was healed cautiously . 
with ?^(methyloxyc^bonylmeJfayl)methOTe (40g, 212mmol) in tetr^ydroforsn 
. (200ml) over lh. A strongly exothermic reaction occurred, causing the solvent to 
reflux strongly. Hie reaction was heated on an oil bath at 90°C at reflux for 3 days. 
The reaction was quenched by the cautious dropwise addition of acetic acid (100ml) 
xmtil the evolution of Hydrogen ceased. The stirred reaction mixture was cautiously 
treated whh acetic anhydride solution (500ml) at such a rate as to cause gentle reflux. 
1 > The flask was equipped for distillation and stirred and then heating at 90*C (oil bath 
temperature) to distil out me tetiahydrofuian. A further portion of acetic anhydride 
(300mD was added, the reaction returned to reflux configuration and stirred and heated 
in an oil bath at 14Q°C for 5h. The reaction was allowed to cool and filtered. The 
aluminium oxide precipitate was washed with ethyl acetate and me combined filtrates 
1 5 concentrated on a rotary evaporator at a water bath temperature of 50°C in vacuo (5 

mmHg) to afford an oil. The oil was taken up in ethyl acetate (500ml) and washed m 
with saturated aqueous potassium carbonate; solution. The etbyl acetete solution was ^ 
separated; dried over sodium sulphate, and concentrated in vacuo to afford an oil. The • 
oil was Rugeh-ohr distilled in high vacuum to give r^(2-acetoxyethyl)me1hane (45.3g, 
2 0 96%) as an oil. Bp, 220 a C at 0. 1 mmHg. 

NMR^CDCfe), 8 1.6<5(7H, m, 3xCHz. CH), 2.08(1H, s, 3xCH 3 ); 4.1(6H, t, 3 X CHaO). 
NMB. 13 C(CDCb), 8 20.9. CH S ; 29.34, CH; 32.17, CH 2 ; 6215, CH 2 0, 171, CO. 
fStep 8\: -RgTnnval of A cetate erouf tfiacetate. 

THsCZ-acetoxyemyDmethane (45.3g, l<S5mM) in methanol (200ml) and 880 ammoma 
(100ml) was heated on an oil bam at 80°C for 2 days. The reaction was treated with a . 
former portion of 880 ammonia (50ml) and heated at 80°C in an oil bam for 24h. A 
further portion of 880 ammonia (50ml) was added and the reaction heated at 80°C for 
24h. The reaction was then concentrated in vacuo to remove all solvents to give an oiL 
: 0 This was taken up into 880 ammonia (150ml) and heated at 80°C for 24h. The 
reaction was then concentrated in vacuo to remove all solvents to give an oil. 
Kngehohr distillation gave acetamidebp 170-180 0-2mm. The bulbs containing me 
acetamide were washed clean and the distillation continued. Tris{2- 
hydroxyeihyl)methane (22.53g, 92%) distilled at bp 220 °C 0.2mm. 



15 
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*JMR 'HCCDCfeX 5 1.45(6H, q, 3xCHi), 2.2(1H, quintet, CH); 3.7(6H, 1 3xCHaOH); 

5.5(3H, bra, 3xOH). AVT 
NMR 13 aCDCl3)» 6 22.13, CH; 33.S>5„ 3xCH& 57.8, 3xCH 2 OH. 

fRtfln CoTirarsion of the trinl to me friyfmftthauesutehcmate), 

To an stirred ice-cooled solution of irt5(2-hydrox yB thyl)methane (lOg, 0.067pmol) in 

dichloiomettiaiiB (50ml) was slowly dripped a solution ofmsthaaesulphoTiyl chloride 
(40& 0.349mol) in dichlororoethane (50ml) under nitrogen at such a rate lhat the 
temperature did not rise above 15°C. Pyridine (21.4g, O.27mol, 4eq) dissolved in 
1 ) tfcMoiometfaane (50ml) was then added drop-wise at such a rate lhat the temperature 
did not rise above 15°C, exothermic reaction. The reaction was left to Stir at room 
temperature for 24h and then treated with 5N hydrochloric acid solution (80ml) and 
the layers separated- The aqueous layer was extracted with further dicMoromethane 
(SOml) and the organic extracts combined, dried over sodium sulphate, filtered and 
concentrated in vacuo to give ^Cs[2-(me1hylsnlE*onyloxy)ethyl]mefnane 
contaminated with excess methanesulphonyl chloride. The theoretical yield was 

25.8s- 

NMR ! H(CDa 3 ), 5 43 (6H, t, 2xClfc), 3.0 (9H, s, 3xCH 3 )» 2 (1H, hextet, CH).,1.85 
(6H, q, 3xCHa). 

(Ste p fk Prepara*iftn nf 1 A.l- ^<'2^doaThvlWethane, 
A stirred solution of irfe[2<memylsuTi^onyloxy)ethyl]me1hane [ftom Step 1(e), 
contaminated with excess methylstilphonyl chloride] (25.Bg, 67mmol, theoretical) in 
dry DMF (250ml) under nitrogen was treated with sodium azide (30.7g, 0.47mol) 
1 5 portion-wise over 15 minutes. An exotherm was observed and the reaction was cooled 
on an ice bath. After 30 minutes, the reaction mixture was heated on an oil bath at 
50°C for 24b- The reaction became brown in colour. The reaction was allowed to 
cool, treated with dilute potassium carbonate solution (200ml) and extracted three 
times with 40/60 petrol ether/diethylether 10:1 (3x1 50ml). The organic extracts were 
; 0 washed with water (2x150ml), dried over sodium sulphate and filtered. Ethanol 

(200ml) was added to the petrol/ether solution to keep the tdazide in solution and the 
volume reduced in vacuo to no less than 200ml. Etfaanol (200ml) was added and 
rcconcentrated in vacuo to remove the last traces of petrol leaving no less than 200ml 
of ethanolic solution. The ethanol solution of triazide was used directly in Step 1(g). 



■ 
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CARE: DO NOT REMOVE ALL THE SOLVENT AS THE AZEDE IS 
POTENTIALLY EXPLOSIVE AND SHOULD BE KEPT IN DILUTE SOLUTION 

AT ALL TIMES. 

Less than 0.2ml of the solution was evaporated in vacuum to Temove the ethanol and 
an NMR nm on this small sample: 

NMR ^HCCDClj), 5 3.35 (6H, t, 3xCH 2 ), 1.8 (1H, septet, CH, ), 1.6 (6H, q, 3xCH2). 

I: Preparation of 1 . 1 .1 -frisQ-atninnBthvlhnelhane. 
2Vis(2-azidoefliyl)m.ethane (15.06& 0.0676mol), (assuming 100% yield from previous 
reaction) in ethanol (200ml) was treated with 10% palladium on charcoal (Zg, 50% 
water) and hydro genated Jfor 12h. The reaction vessel was evacuated every 2 hours to 
remove nitrogen evolved from the reaction and refilled with hydrogen. A sample was 
taken for NMR analysis to confirm complete conversion of the triasride to the triamine. 
Caution; unreduced azide could explode on distillation. The reaction was filtered 
through a Celire pad to remove the catalyst and concentrated in vacuo to give tris(2- 
aminoethyl)methane as an oil. This was farther purified by Kugelrohr distillation 
bp.l80-200°C at 0-4mm/Hgto give a colourless oil (8.1g, 82.7% overall yield from 
the triol). 

NMR 'HCCDCfe), 2.72 (6H, t. 3xCH 2 N), 1.41 <H, septet, CH), L39 (6H, q, SxCHa). 
NMR 13 C(CDC1A 5 39.8 (CHkNHa), 38.2 (CH2.), 31.0 (CH). 



: 0 



:5 



Fvnm ple 1: Afternatire Preparatio n of 1.1.1-^resQ-; 

[Step al: Arrridalion of trimethvlester with 77-methoxv-b eazvlamina, 
IHKmediyloxycaroonylmethyl)raelhane [2 g, 8,4 mmol; prepared as in Step 1(b) 
above] was dissolved in /Mmeihoxy-benzylamine (25 g. 178-6 mmol). The apparatus 
was setup for distillation and heated to 120 °C for 24 hxs under nitrogen flow. The 
progress of the reaction was monitored by the amount of methanol collected. The 
Teacticm mixture was cooled to ambient temperature and 30 ml of ethyl acetate was 
added, then the precipitated triamide product stirred for 30 mm. The tiamide was 
isolated by filtration and the filter cake washed several times with sufficient amounts 
of ethyl acetate to remove excessp-methoxy-benzylamine- After drying 4.6 g, 100 %, 
of a white powder was obtained. The highly insoluble product was used directly in " 
the next step without further purification or characterisation. 
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To a 1000 nft3-necked round bottomed flask cooled in a ice-water bath the uiamide 
from step 2(a) (10 g, 17.89 mmol) is carefully added to 250 ml of 1M borane solution 
(3.5 g, 2443 mmol) borane. After complete addition the ice-wale* bath is removed 
: and *e reaction mixture slowly heated to 60 *C. The teaction mixture is stirred at 60 
°C for 20 his. A sample of the reaction mixture (1 ml) was withdrawn, and mixed 
with 0.5 ml 5N HC1 and left standing for 30 min. To me sample 0-5 ml of 50 NaOH 
was added, followed by 2 ml of water and the solution was stirred until all of the . 
white precipitate dissolved. The solution was exttacted with ether (5 ml) and 
1 > evaporated. The residue was dissolved in acetonitril« at a concentration of 1 mgtau 
and analysed by MS. If mono- and diamide (M*H/z - 520 and 534) are seen in the 
MS spectrum, the reaction is not complete. To complete me reaction, a further 100 ml 
of 1M bornne THf solution is added and the reaction mixture stirred for 6 more hra at 
60 °C and a new sample withdrawn following the previous sampling procedure. 
1 5 Further addition of the 1M borane in THF solution is continued as necessary until 
there is complete conversion to the Iriamine- 

The reaction mixture is cooled to ambient temperature and 5N HC1 is slowly added, 
[CARE: vigorous foam formation occurs!] . HC1 was added until no more gas 

20 evolution is observed. The mixture was stirred for 30 min and then evaporated. The 
cake was suspended in aqueousNaOH solution (2CM0 %; 1 :2 w/v) and stirred for 30 
minutes. The mixture was then diluted with water (3 volumes). Hie mixture was then 
extracted with diethylether (2 x 150 ml) [CARE: do not use hafogenated solvents]. 
The combined organic phases were then washed with water (lx 200 ml), brine (150 

: 5 ml) and dried over magnesium sulphate. Yield after evaporation: 7.6 g, 84 % as oil. 
NMR 'HfCPCfe). 5: 1.45, (6H,m,3xCH 2 ; 1^4, (1H, septet, CH); 2-60 (6H,t, 
ScH^Vl iis (6H, a, ArCHO; 3.78 (9H, s, 3xCH 3 0); 6.94<6H, d, 6xAr). 7.20(6H, d, 

S^'"C(CDC1 3 ). 8: 32.17.CH; 34.44, Ok; 47.00, CH* 53.56, ArCH*; 55.25, 
: 0 CH 3 0; 113.78, Ar, 129.29, Ar; 132.61; Ar, 158.60, Ar, 

^^l^^^^^^^^^^^^ 0 - 0 Stam, 0.036 mol) was 
dissolved in methanol (100 ml) and Pd(OH) 2 (5.0 gram) was added. Tbe mixture was 
;$ hydrogenated (3 bar, 100 °C. in an autoclave) and stirred for 5 hours. Pd(OH) 2 was 
added in two more portions (2 x 5gram) after 10 and 15 hours respectively. 
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The reaction mixture was filtered and the filtrate was wasted with methanol. The 
combined organic phase was evaporated and the residue was distilled under vacuum 
(1 x 10 \U0 °C) to give 2.60 gram (50 %) of l,14-^2-aminoethyl)methane 
identical with the previously described Example 1. 



y^mnte 3: Pre paration of 3-ehloro-3-methyI-2-nitrosobutan^ 

A mixture of 2-metbylbut-2-eue (147ml. 1 .4mol) and tsoamyl nitrite (156ml, l.lomol) 

was cooled to -30 °C in a bath of cardjce and methanol and vigorously stirred with an 
li i overhead air stirrer and treated dropvvise with concentrated hydrochloric acid (140ml, 
1.68mol ) at such a rate that the temperature was maintained below -20°C. This 
requires about lh as there is a significant exotherm and care must be taken to prevent 
overheating. Ethanol (100ml) was added to reduce the viscosity of the slurry that had 
ftamed at me end of the addition and the reaction stirred at -20 to -10*C for a further 
1 i 2h to complete the reaction- The precipitate was collected by filtration under vacuum 
and washed with 4x30ml of cold (-20 6 C) elhanol and 100ml of ice cold water, and 
dried in vacuo to give 3-chloro-3-methyl"2-niirosobutane as ?i white solid. The ethanol -^m 
filtrate and washings were combined and diluted with water (200ml) and cooled and 
allowed to stand for lh at -10°C when a further crop of 3-chlorc-3-methyI-2- 
23 nitroBobutane crystallised out The precipitate was collected by filtration and washed 

with me nunimum of water and dried in vacuo to give a total yield of 3-chloro-3- $ 
methyl-2-nitrosobutane (1 15g 0.85mol, 73%) >9S% pure by NMR- $ 

NMR l H(CDCh\ As a mixtore of isomers Cisomerl, 90%) 1.5 d, <2H, CH 5 ), 
(4H, 2 xCH s ), S.85,q, and 555,0, together 1H. 0somer2, 10%), 1-76 s, (6H, 2x CHj), 
25 2.07(3H, CHs). 

'F.varvtnlft 4= Synthesis of-ALv^lA-dimet hvl-2-N.-hvdrn^TniBe ffro ff yl)2- - 
■""in n^t|hyrj-(2-aTTTiii oetltvftmeth ape (Chelator 1). 

2 0 To a sohxtion of rrfe(2-aminoetbyl)methane (4.047& 27.9mmol) in dry ethanol (30ml) 
was added potassium carbonate anhydrous (7.7g, 55.8mmo1, 2eq) at room temperature 
with vigorous stirring under a nitrogen atmosphere. A solution of 3 -chlor o- 3 -methyl- 
2-nitrosobutane (7,56g, 55.8mol, 2eq) was dissolved in dry ethanol (1 00ml) and 75ml 
of this solution was dripped slowly into the reaction mixture. The reaction was 

• 5 followed by TLC on silica [plates rim in dicMoromemane, methanol, concentrated 
. (0.S8sg) ammonia; 100/30/5 and the TLC plate developed by spraying with ninhydrin 
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1>> 



2) 



25 



and heating] The mono-, di- and tri-alkylated products were seen with RF's 
increasing in that order. Analytical HPLC was run using RPR reverse phase column in 
a gradient of 7.5-75% acetonmile in 3% aqueous ammonia. The reaction was 
concentrated in vacuo to remove the ethanol and resuspended in water (1 10mJ). The 
aqueous slurry was extracted with ether (100ml) to remove some of the trialkylated 
compound and lipophilic impurities leaving the mono and desired dialkylated product 
in the water layer. The aqueous solution was buffered with ammonium acetate (2eq, 
43& 55.gnunol) to ensure good chromatography- The aqueous solution was stored at 
4»C overnight before purifying by automated preparative HPLC 
Yield (2.2g, 6.4mmoL 23%). 

Mass spec; Positive ion 10 V cone voltage. Found: 344; calculated M+H= 344. 

NMR ^CDCla). 5 1.24C6H, s, 2XCH3), 1.3(6H, s. 2XCB& 1.25-1 75(7H, m, 
3xC3fc.CH). (3H, s, 2xOfc), 2.58 (4H, m, CH 2 N), 2.88(2H, t CHzNz), 5.0 (6H, s, 
NB 3 , 2xNH, 2xOH). 

NMR l H ((GD 3 ) 2 SO) 51 .1 4xCH; 1.29, 3xCH 2 ; 2.1 (4H, % 2xCHa); 

NMR 13 C((CD3)zSO), 5 9.0 (4xCH 3 ), 25.8 (2xCH 3 ), 31.0 2xCH2, 34.6 CH Z , 56.8 

2xCH 3 N; 160.3, C==N. ... 

HPLC conditions: flow rate 8rnl/mmusing a 25mm PRP column 
A=3% ammonia solution (sp.gr = 0.88) /water, B = Acetonitriie 

Time %B 

0 7.5 

15 75.0 

20 75.0 

22 7.5 

30 . 75 

Load 3ml of aqueous solution per run, and collect in a time window of 12.5-13.5 mm. 



33 Examples: Synthesis of 3- Tf4'-FInorobipheiavl^-smfottyl)ia= 

^ydroacvearbamgylcvfcloiaemtvftanilnolpronlo nie Acid (Compound 27: Prior Art). 

(Step A) To a solution of I-arninocyclopeiatanecarboxylic acid benzyl ester p- 
tolueaesulfonic acid salt (12.1 grams, 30-9 mmol) and triethylanrine (10.0 mL, 72 
mmol) in water (150 mL) and 1 ,4-dioxane (150 mL) was added 4«- fluombiphenyl-4- 
2 5 sulfonyl chloride (8.8 grams, 32-5 mmol). The mixture was stirred at room 

temperature for 16 hours and men most of the solvent was removed by evaporation 
under vacuum. The mixture was'diluted with ethyl acetate and was washed 
successively with dilute hydrochloric acid solution, water, and brine. The solution was 
dried over magnesium sulfate and concentrated to leave l-(4 f -fluoromphenyl-4- 
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sulfonylamino) cyclopentanecarboxylic acid benzyl ester as a solid, 12.33 grams 
(76%). 

(Step B) To a solution of l-(4'-fluorobipIiaQyl-4-sulfonylamino) 
cyclopentanecatboxylic acid benzyl ester (23.0 grams, 50.7 mmol) in dry DMF (500 
; ml) at room temperature was added potassium hexamemyldisuazide (12.2 grams, 61.1 
imnole) and, after 45 minutes, tert-butyHS-iodopropox^dimethylsflane (18.3 grams, 
60.9 mmol). The resulting mixture was stirred at room temperature for 16 hours. 
Additional potassium hexamethyldisilazide (3.0 grams, 15 mmole) and text- TmjflrQ- 
iodopropox^-dimethylsilane (4.5 grams, 15 mmol) wrae men added. Storing at room 
1 ) temperature was continued for a further 5 hours. The mixture was quenched by 
addition, of saturated ammonium chloride solution. The DMF was removed by 
evaporation under vacuum. The residue was taken up in diethyl ether and washed 
successively with water, dilute aqueous hydrochloric acid solution and brine. After 
drying over magnesium sulfate, the diethyl ether was evaporated to afford a yellow oiL 
15 To Ibis was added hexane and methylene chloride to induce crystallization of the 
starting material which was recovered by filtration- Evaporation of solvents from the 
filtrate afforded erode 1- [[3<tert-butyl-dmemylsi^ 

fmorobiphenyl-4-salfonyl) airurio]-cyclopentanecarboxylic acidbeazyl ester as an 
amber oil (2735 grams). 

3 0 (Step C) To a solution of the crude l-[[3<tert-butyl-dimemyl^anyloxy)piopyl]<4'- 
fluorobiphenyl-4-OTlfenyl)ammo] cyclopentanecarboxylic acid benzyl ester (27.35 
grams) m methylene chloride (450 mL) at room temperature was added boron 
trifluoride etherate (1 1 mL, 89-4 mmol). After 45 minutes, the reaction was quenched 
by sequential addition of saturated ammonium chloride solution and water. The 
: 5 organic phase was separated, washed with water and brine and dried over magnesium 
sulphate. Evaporation of the solvent under vacuum provided crude H(4'- 
iluorobipheayl-4-5ulfi^ catboxylic acid 

benzyl ester as an amber oil (22.1 grains). 

(Step D) A solution of the crude l-t(4^fluoT6biphenyl-4-sulfbnyl)-(3- . 
. ,o hydrnxypropyl)ammol-cyclopentanecarboxyKc acid benzyl ester (22.1 grams) in 

acetone (400 mL) was cooled in an ice bath and treated with Jones reagent (about 20 
mL) until an orange colour persisted. The mixture was stirred from 0°C to room 
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temperature over 2 hours. After quenching excess oxidant with isopropanol (1 mL), 
Celite® was added and the mixture was filtered. The filtrate was concentrated under 
vacuum. The residue was taken up in ethyl acetate, washed with water and brine, 
dried over magnesium sulphate and concentrated to afford crude l-[(2-carboxyethyl}- 
C^-flTiorofciphenyl-^^ acid henzyl ester as an 

oil (21 A grains), 

(Step E) To a solution of the erode l^CZ-carboxyethylH^-fluorobiphenyl-^ 
sulfonyl)amino]- cyclopentanecarboxyUc acid benzyl ester (21.4 grams) in DMF (500 
jnL) at room temperature was added potassium carbonate (22.5 grams, 163 mmol) and 
methyl iodide (3.7 mL, 59.4 mmol)- The mixture was stirred for 16 hours at room 
temperature and was then concentrated under vacuum. The residue was taken up in 
water and acidified using 6N aqueous hydrogen chloride solution. Hie resulting 
mixture was extracted with a mixture of diethyl ether and ethyl acetate. The organic 
extract was washed with water and brine, dried over magnesium sulphate. After 
concentration to an amber oil, H(4rfluorohiphenyl-4-sulf bnyl)-(2- 
meaoxycarbonylethyl)ammoH benzyl ester (12.6 

grams), a white solid, was isolated by flash chromatography on silica gel eluting with 
1 5% ethyl acetate in hexane. 

(Step F) A solution of 1 - [(4'-fluorobipheriyl-4-sulfonyi)-(2- 
memoxvcaibonylethvl)ainino]-c^lopm acid benzyl ester (12.1 

grams, 22.4 mmole) in methanol (270 mL) was treated with 1 0% palladium on 
activated carbon and hydrogenated in a Parr® shaker at 3 atmospheres pressure for 
3.5 hours. After filtration through nylon (pore size 0.45 um) to remove the catalyst, 
the solvent was evaporated to afford 1- {(4'-fl.uorobipheny l-4-sul&nylH2- 
methoxycatbonylemyl)aindroo] cyclopentane-l-carboxyUo acid as a White foam (10. 1 

grams. 100%). 



lllbM 



~, r—rs ✓ (4.3 mL, 24.6 mmol) and (benzolriazoM^ 

(dimetoyka^ hencafluorophosphate (11 .0 grams, 24. 9 idibo!) were 

added sequratiaUy to a solution of l-[(4'-fiuorob^^^ 

&oxycarl3onyJethyl)-amino] cyclop 6ntane-l-carboxylic add (10.1 grams, 22.4 
mmole) in N,N-dimeliiyIfoTOxaiiiide (170 mL). The mixture was stirred for 4 hours. 
Additional dysopropylethylamine (7-S nxL, 44.6 mmol) atid O-beazylhydroxyl^mine 
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• hyarocluoride (4.64 grams. 29-1 mmol) were then added and Hie resulting mixture 
was stirred at 60°C for 16 hoars. After concentration under vacuum, the residue was 
taken up in water and acidified with IN aqueous hydrogen chloride solution. The 
mixture was extracted with ethyl acetate and the extract was washed sequentially with 
; waterj saturated aqueous sodium bicarbonate solution and brine. The solution was 
dried over magnesium sulphate and concentrated to give a solid which upon 
trituration with 7:3:1 hexane/ethyl acetate/ methylene chloride provided 3-[(l- 
l^aizyloxycarbamoylcyclopentyl)- (4'- fluoioHphenyl^siilfonyl)ammo]propionic 
acid methyl ester as a white crystalline solid (10.65 grams, 86%). 

1 •) (Step H) A solution of S-Kl-benzyloxycarbamoylcyclopentvlH^-fl^robiphenyl-^ 
sulfonyl)annno]propioiuc acid methyl ester (10.65 grams, 19.2 nnnol) in methanol 
(250 mL) was treated with 5% palladium on barium sulphate and hydrogenated hi a 
Parr® shaker at 3 atmospheres pressure for 3 hours. After filtration through nylon 
(pore size 0.45 urn) to remove the catalyst, the solvent was evaporated to afford 3- 

. 15 [(4^itoorobiphenyl-4^^ 

acid methyl ester as a white foam (8.9 grams, 100%). 



l HNMR (DMSO-dq) 5 8.80 (br s, 1 H), 7.S5-7.75 (m, 6 H), 732-7.25 (m, 2 H), 3.54 
(s, 3 H), 332-3.48 (m, 2 H), 2.73-2.69 (m, 2 H), 2.24-2.21 (m, 2 H), 1.86-1. 83 (m, 2 
H), 1.60-1.40 (m, 4 H), 

S 0 (Step I) A solution of 3 -[(^-fluorobTheayW-sulfonylVO - 

hydroxyc^bamoylcyclopentyI}anrino]-pTopionic add methyl ester (8-9 grams. 19.2 
mmol) inmemanol (500 mL) was treated with aqueous 1 N sodium hydroxide 
solution (95 mL, 95 mmol) and stirred at room temperature for S.5 hours- The mixture 
was concentrated to remove methanol, diluted with water, acidified with 6 N aqueous 

: 5 hydrochloric acid solution and extracted with ethyl acetate. After washing with water 
and brine the organic extract was dried over magnesium sulphate and concentrated to 
afford 3-[(4'-fluoiobiphenyJ^snlfonyl>(l-hydroxycarbamoyl- 
cyclopentyl)amino3propionic acid as a white foam which was crystallised from ethyl 
acetate (6.74 grams, 78%). Mp: 163-164 D C. 

] 0 l H NMR (DMSO-d$) 8 12.30 (br s, 1H), 10 40 (br ; B, 1H) 8.77 ^ s^ ^^faL" 2» 
(m, 6H), 731-7.27 (m, 2H), 3.51-3.44 (m, 2H), 2.64-2.60 (m, 2H), 2-24-2.22 (m. 2H), 
1.86-1.83 (m, 2H), 1.60-1.40 (ra, 4H). MS 449 (M-l). 



■ ■* 
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TRSramnle Synthesis of Com pound Z3. 

To a sthred solution of Compound 1, 0<lH-Benzotriazol-l-yl)-N 5 N, N\ K'- 
tetrmnedayluiDnium tetraftaoiobotate or TBTU and N-methylmorpholine in DMF was 
added tyramine. The reaction mixture was allowed to react for 24 hows at room 
i temperature under inert atmosphere. The reaction was monitored via HPLC. After 
completion the yellow clear solution was concentrated and dried under Mgi vacuum 
for four hours. The crude product was purified via HPLC preparative and yielded 88% 
of an off white solid, 

13 'HNMR (DMSO): 510.5 (1H. s. NH);9-3 TO £ W*i 

OH);'7-S (2H, J - 8.8 Hz, d^Iar); 7.3 (2H, J= 8Hz, t. Har); 7.2 (2H. d, J= 
7 1 OH. 1=8 8 Hz, d, Har); 7 (2H, J= 8.8 Hz, d, Har); 6.7 (2H, J- 8.8 Hz, d. 2H); 3,4 
(iH^mTcHi 3.1 (2H, m, CH,); 2.7 (2H. m, CH 2 ), 2.6 <2H, m, CHa); 2.2-1.9 (4H, m, 
CHa);1.5(4H,m,CHa) 

15 MS: (ESI) 5S6.2 (MH*) and 608.2 (MNa 1 ) 

HPLC: 98% pure 



TTvainp l^ 7: Synthesis of Con moimd 26. 
2D To a stirred solution of Compound 1 , (T-Asabenzoiiiazole-l- 

yloxy)tripyrrohdinophosphonium hexafluorophosphate (PyAOP) andN- 

thylmorpholine in DMF was added iodoaniline. The reaction mixture was allowed 
to react for 3 days at room temperature under inert atmosphere. The reaction was 
monitored by HPLC. After completion the solution was concentrated and dried under 
2 5 high vacuum for four hours. The crude product was purified by preparative HPLC and 

yielded 21% of solid- 

MS: (ESI) 668 (MH*) and 690 (MNa 4 ) 

HPLC: 100% pure. 



■0 



Trample 8; Synthesis «f Compound 24. 

(Step A) Preparation of 34odotyramae. 2 ml of a IN iodine solution was add- 
slowly at room temperature to 20 ml of a tyramine solution (50mM in 30% ammonia). 
After 5 hours foe solution was concentrated to 5 ml and left overrd^it at 0°C. The 
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ofE-whiteprecipltete formed was filtrated and washed with cold water. Hie solid was 
dried uader high, vacuum overnight 

l H NMR (CD3OD): 5 2.7 (2H, t, J= 7Hz); 2.9 (2H, t, J=THz); 6-7 (1H, d, J~8.1Hz); 
7.1 (1H, dd, J- 2.2Hz, SHz); 7.5 (1H, d, J=2.2Hz). 

(Step B) To a stirred solution of Ground 1, CKlH-Benzotn^oM-yl)-N, N s N', 
N'-tetraraemylnmnium tetmfluotoberate (TBTU) and N-methylmoipholine in DMF 
was added 3-iodotyramine (fiom Step A). The reaction mixture was allowed to xeact 
for 24 hoars at room temperature under inert atmosphere. The reaction was monitored 
via HPLC. After completion the yellow clear solution was concentrated and dried 
under high vacuum for four hours. The crude product was purified by preparative 
HPLC and yielded 10% of an off white solid (Compound 24). 
MS (BSD: 712 (MH*) 734 (MNa + ) 



gxajnpjg 9: S t"**" 18 of a Chehrtor-3 



mjugate (Compound 2V 



OH HO 




NH 



Compound 2. 



Compound 1 (5.1 mg), PyAOP (6.0 mg) andN-memyhnorpholine (2 uL) were 
0 dissolved in dimethcylformamide (0.5 mL) and the mixture stirred for 2 minutes. 
Chelator 1 (3^ mg) was added and the reaction mixture stirred ovemi^t. 20 % 
acetomtrile/water (8 mL) was added and the product purified using preparative HPLC 
(column: Phenomenex Luna 10u CIS (2) 250 x 10 mm, detection; 230mn, solvent A: 
H 2 O/0.1 % TFA, solvent B: CH3CN/O.I % TFA, flow: 5 nfiVmin, gradient: 20-60 % 
5 B over 30 nun, t K : 17 min). After lyophilisation 1 mg pure material was obtained and 
characterised by LC-MS (column: Phenomenex Luna 5u C 1 8 (2) 250 x 4.6 nun, 
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detection: 214 nm, solvent A; HaO/O-l % TFA, solvent B: CBj,CN/0.1 % TFA, flow: 
1 ml fain, gradient: 20-60 % B over 20 min, t R ; 1432 min, found m/z: 792.5, . 
expected MHf: 792.4). 



MMPi 



Step (a) 1 1 l-Diazido- ^^^-triQ^auiidecaiie. 

A solution of dry tetotethylene glycol (19.4 g, 0.100 mol) and methanesulphonyl 
chloride (25.2 & 0.220 rool) in dry THF (100 ml) was kept under argon and cooled to 

1 ) 0 °C in an iceAvater bath. To the flask was added a solution of triethylamine (22 .6 g, 
0J220 mol) in dry THF (25 ml) dropwise over 45 min. After 1 hr die cooling bath was 
removed and stirring was continued for 4 hrs. Water (60 ml) was added. To the 
mixture was added sodium hydrogen carbonate (6 g, to pH 8) and sodium aside (14.3 
g, 0.220 mmol), in that order. THF was removed by distillation aod the aqueous 

1 5 solution was refluxed for 24 h (two layers formed). The mixture was cooled and ether 
• (100 ml) was added. The aqueous phase was saturated with sodium, chloride. The 
phases were separated and the aqueous phase was extracted with ether (4 x 50 ml). 
Combined organic phases were washed with brine (2 x 50 ml) and dried (MgS0 4 ). 
Filtration and concentiation gave 22.1 g (91%) of yellow oil- The product was used in 

2D the next step without further purification. 

To a mechanically, vigorously stirred suspension of l,ll-diazido-3,6,9- 
trioxaundecane (20.8 g, 0.085 mol) in 5% hydrochloric acid (200 ml) was added a 

2 5 solution of triphenyfehosphine (19,9 g, 0-073 mol) in ether (150 ml) over 3 hrs at 
room temperature. The reaction mixture was stirred for additional 24 hrs. The phases 
were separated and the aqueous phase was extracted with dichloromethane (3 x 40 ml). 
The aqueous phase was cooled in an ice/water bath and pH was adjusted to ca 12 by 
addition ofKOH. The product was extracted into dichloromethane (5 x 50 ml). 

2 0 Combined organic phases were dried (MgSO*). Filtration and evaporation gave 14.0 g 
(88%) of yellow c-iL Analysis by MALDI-TGF mass spectroscopy (matrix: □-cyano- 
44»ydio^inoflmic acid) gave a M+H peak at 219 as expected. Further 
characterisation using *H (500 MHz) and 13 C (125 MHz) NMR spectroscopy verified 
the structure. 
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15 



Step (c) S ynthesis of (Con-mound lVPEGteVNa. 

To a solution of Compound 1 (41 mg, 87 nmoD in DMF (5 ml) were added ll-aado- 
3,6,9-trioxaundecanamine (19 mg, 87 umoi). HATU (Applied Biosystems, 33 mg, 87 
pmol) and DIEA (Fluka. 30 ul» 174 umol). After one hour reaction time the mixture 
was concentrated and the residue was purified by preparative HPLC (column 
Pnenomenex Luna C18(2) 5 um 21.2 X 250 mm. solvents: A = water/0.i% TFA and 
B - acetonitrile/0.1% TFA; gradient 30-60% B over 60 min; flow 10.0 ml/min, UV 
detection at 214 am), giving 33.9 mg (59%) of product after lyophilisation. LC-MS 
analysis (column Puenomenex Luna CI 8(2) 3 um 50 x 4.60 mm, solvents: A = 
waterfO.1% TFA and B * acetonitrile/0.1% TFA; gradient 20-100% B over 10 min; 
flow 1 ml/min, UV detection at 214 ntn, BSI-MS) gave a pesfc at 4 .88 * with m/z 
667.4 (MS*) as expected, u 



2D 



25 



:o 



Step (d) Synthesis of Compound 4. 



H" 

Compound 4 

To a solution of (Compound 1>PEG(3)-N 3 (4.7 mg, 7 umol) in methanol (4 ml) was 
added Pd/C (Koch-light, ca 10 mg) added. The mixture was stirred at mom 
temperature under hydrogen atmosphere (1 abn) for 10 min. The mixture was filtered 
and concentrated. LC-MS analysis (column Phenomenex Luna CI 8(2) 3 pom 50 x 4.60 
mm, solvents: A = waterf0.1% TFA andB - acetonitrile/0.1% TFA; gradient 20- 
100% B over 10 min; flow 1 ml/rnin, UV detection at 214 nm, ESI-MS) gave a peak 
at 4.17 min with m/z 641.4 (MH*) as expected. The product was used directly in 
subsequent steps without further purification. 
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T-vi.Ti. piP 1 1 : Sv7.tt.Pris of Chelator Conjugat e with PEG*31-T>Wvcolyl Spacer 
rComnonnd 3>\ 

Stefl (aS Synthe sis nf fComooimd lVPEQf3VDigY Colic 

i HO. 



23 



' 1 o-o 




To a solution of (Compound 1>PEG(3)-NH2 (Example 6, 25 mg» 39 umol) in PMF (4 
ra I) wa a added diglycolic anhydride (Acres, 9 mg, 7? umol). After stirring for 1.5 hrs 
lhe reaction mixture was concentrated and the residue purified by preparative HPLC 

1 ) (column Phenomenex Luna CI 8(2) 5 jam 21.2 x 250 mm, solvents: A «= water/0.1% 
TFA and B = acetonitrile/0.1% TFA; gradient 20-80% B over 60 min; flow 10.0 
nri/jnm, UV detection at 214 nm), giving 14.9 mg (51%) of lyopbihsed material. The 
product was analysed by LC-MS (column Phenomenex Luna CI 8(2) 3 pm 50 x 4.60 
nam, solvents: A - water/0.1% TFA and B - acetonitrile/0.1% TFA; gradient 20- 

15 100% B over 10 min; flow 1 ml/min, UV detection at 214 nm> ESI-MS,) giving a 
peak at 4. 15 min with m/z 757.3 (MH 4 ) corresponding to the product Further 
characterisation was carried out using NMR spectroscopy. 



Ste p (bY. Synthesis of C ompound 3. 




Compound 3 



2 5 To a solution of (Compound l)-PEG(3)-Diglycolic acid (6.6 mg, 9 umol) in DMF (3 
ml) were added Chelator 1 (3.1 mg, 9 umol), HATU (Applied Biosystems, 3.4 mg, 9 
umol) and DffiA (Fluka, 3. 1 uh 18 umol). After 20 min the reaction time the mixture 
was concentrated and the residue was purified by preparative HPLC (column 

■ 

Phenomenex Lima CI 8(2) 5 urn 21.2 x 250 mm, solvents: A = water/0.1% TFA and 
: 0 B = aeetonitrile/0. 1 % TFA; gradient 10-80 % B over 60 min; flow 1 0.0 ml/mm, UV 
detection at 214 nm), giving 4.2 mg (43%) of lyophihsed product. LC-MS analysis 
(column Phenomenex Luna CI 8(2) 3 um 50x4.60 mm, solvents: A=water/0.1% 
TFA and B - acetonitrile/0.1% TFA; gradient 20-100% B over 10 min; flow 1 inl/min, 
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1 ) 



15 



2D 



UV detection at 214 nm, ESI-MS; t R = 4.17 rain, m/z 1082.5 (MH 4 )) ^ NMR 
spectroscopy confirmed the structure- 



; TEvanmle 12: Synthesis of cMoroacetvl d erivative for PF.TimaFiny (Compound 5). 




Compound 5 

Freshly prepared chloroacetic anhydride (52 rag, 0.30 mmol) and DEEA (51 uL, 0.30 
mmol) were added to a solution of Compound 4 CExample 10 step d, ca 0.15 mmol) in. 
DMF (10 ml). After 1 hr the reaction mixture was concentrated and the residue was 
purified by preparative HPLC (column Phenomenex Luna CI 8(2) 10 urn 50 x 250 
mm, solvents: A - water/0.1% TFA andB - acetenitrile/0.1% TFA; gradient 30-40% 
B over 60 mm;ilow 50.0 rnl/min, UV detection at 214 nm), giving 25.8 mg (24%) of 
product after Iyophilisstfon.. LC-MS analysis (column Phenomenex Luna CI 8(2) 3 
am 50 x 4.60 mm, solvents: A = water/0. 1% TFA and B = acetonitrile/0.1% TFA; 
gradient 20-100% B over 10 min; flow 1 ml/rain, UV detection at 214 nm, ESI-MS) 

dth m/z 717.5 (MS*) as expected. 



■ (fatal 



"I 



is 



20 



Example, i %i Confaeartnw nf 3-flporopropvlthiol to dilofrtacetvlated compound 
(Compound 6). 

Step (a) Synthesis of 3^tvlsm^ 1-rr7F I"-" 1 -" 1 l?Vr3(^ CT, iy iH 1- 
Itiphenylmemanol (390.6 mg, 1 5 mmol) in TFA (10 ml) was added dropwise to a 

stmed. solution of 3-mercaptopropyl alcohol (129.6 ul, 1-5 mmol) in TFA (10 ml). 
After the addition TFA was evaporated under reduced pressure and the crude product 
immediately purified "by reverse phase preparative chromatography (Phenomenex 
Luna CIS column, O0G-4253-V0; solvents A= water / 0.1% TFA and B= CH 3 CN / 
0.1% TFA; gradient 70-80 % B over 60 min; flow 50 ml / minute; detection at 254 
nm), affording 372 mg (74%) of pure compound, (analytical HPLC: Vydac C18 
column, 218TP54: solvents: A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; 
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gradient 70-80 % B over 20 min; flow 1.0 ml /minute; retention time 5.4 minntes 
detected at 214 and 254 am). The structure was verified by NMR spectroscopy 

Stet) Ort gyirfhsgie of methanesulfonift acid 3-tritvlfmlfanvl-propvl ester 



To a solution of 3-triiybul£myl-propan-l-ol (372.0 m& 1.1 1 mmol) in THF (10 ml) 
was added triemylamine (151.7 mg, 209 fd, 1.5 mmol) and mesyl chloride (171-9 mg, 
116.6 fil, 1.5 mmol). After 1 hour reaction time me precipitate was removed by 
filtration. The solution was concentrated and the residue was purified by reverse phase 
1 ) HPLC (Phenomenex Lima CI 8 column, 00G-4253-V0; solvents A= water / 0.1% 
TFA and B= CH 3 CN / 0.1% TFA; gradient 80-100 % E over 60 min; flow 50 ml / 
minute; detection at 254 nm), affording 318 mg (69%) of pure compound, (analytical 
HPLC: Vydac Cl 8 column, 21STP54: solvents: A= water / 0.1% TFA and B« 

CH 3 CN / 0.1% TFA; gradient 60-70 % B over 20 min; flow 1.0 ml /minute; retention 
1 5 time 18.7 minutes detected at 214 and 254 nm). The structure was verified by NMR 

spectroscopy. 



Step (c) Synthesis of ra-flnofO-pro^lsnl^ Y^tr^^enYlmetfiane [PhftC-SfCHsVjFL 
2 D Potassium fluoride (1.4 mg, 0.024 mmol) and Kryptofix 222 (9-0 mg, 0.024 mmol) 



were dissolved m acetonitrile (0.2 ml) (heating). A solution of methanesulfonic acid 
3-tritylsulfenyl-propyi ester (5 mg, 0,012 mmol) in acetonitrile (0.2 ml) was added. 
The reaction mixture was heated at 80* P C for 90 min. The crude product was purified 
by reverse phase preparative ohromatogcaphy (Vydac CIS column, 21 8TP1022; 

2 5 solvents A= water / 0.1% TFA and B= CHbCN / 0. 1% TFA; gradient 40-90 % B over 
40 min; flow 10 ml / mimite; detection at 254 nm). A yield of 2 mg (50%) of purified 
material was obtained (analytical HPLC: Phenomenex Luna CI 8 column, O0B-4251- 
B0: solvents: A= water / 0. 1% TFA and B= CH 3 CN / 0.1% TFA; gradient 40-80 % B 
over 10 ™™; flow 2.0 ml /minute; retention time 8.2 minutes detected at 214 and 254 

2 0 nm). The structure was confirmed by NMR analysis. 

Step (d) Synthesis of Compoundfi, 

• 5 O 



Compound 6 
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3-Fluoro-tritylsulfimyl-prop5ine (1 .4 mg, 4 ymol) was stilted in a mixture of TFA (50 
ul), triisopropylsilane (5 ul) and water (5 ul). The mixture was added to a solution of 
Compound 5 (1.5 mg, 2 umol) in 1:1 mixture of water and acetonitrile (800 ul). nH 
was adjusted to 1 0 by adding aqueous K 2 CQ 3 (200 ul, 0.5 gtol) and the mixture was 
f heated at 60°C for 25 min. The product was purified by preparative HPLC (column 
Phenomenex Luna C18(2> 5 um 10.0 x 250 mm, solvents: A = water/0.1% TFA and 
B = acetonitrile/0.1% TFA; gradient 30-50% B over 60 min; flow 5.0 ml/mm, TJV 
detection at 214 nm), giving 0.9 mg (58%) of product LC-MS analysis (column 
Phenomenex Luna C 18(2) 3 f*m 50 x 4.60 mm, solvents: A => water/0. 1 % TFA and B 
1 } =» acetonitrile/0.1% TFA; gradient 10-80% B over 10 min; flow 1 mlAmn, UV 
detection at 214 nm, ESI-MS; t R = 6.25 min, m/z 775-4 (MET 1 ')) confirmed the 
structure. 



15 Example 14 Chloroacetylated, Ammo Acid and PEG derivati ves for PET 
imaging /Compounds 7 to 221, 





I? O Q 

Z 0 Compound 7 

Compound 7 was synthesised using a manual nitrogen "bubbler apparatus osx a. 0.05 
xximol scale using Fmoc-piotected Rink Amide MBHA resin (Novabiochem)., Emoo- 
Lys(Dde)-OH (Novabiochem), Fmoc-Iys(Boc)-OH (Novabiochera), Fmoc-amino- 
: 5 PEG-diglycolic acid (Polypure AS) and CP-47135S (Pfizer). All amino acids and CP- 
471358 were coupled using HATTJ/DEEA as coupling reagents. Reaction steps were 
analysed by Kaiser test- After coupling of the CP-compound side chain Dde group of 



rComoonnd 11-Lv9-Peef4VDimvoolvl-Lv^cMoroacetvn-TSIH^ (Compound 7">. ?■ 



r 
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C-terminal lysine was cleaved by standard hydrazine treatment. Chloioaeetic acid 
(Fluka) was coupled by freshly prepared symmetrical anhydride. The simultaneous 
removal of product from the resin and cleavage of side-chain Boc protecting groin? 
was earned out in TFA contaimng 2.5% HaO and 2.5% triisopropylsilaae for 2 hours. 
> Crude material was precipitated from ether and purified by preparative HPLC 

(column Fhenomenex Luna CI 8(2) 10jtm250x 10 mm; solvents A = water/0.1% 

TFA andB - acetonitrile/O.1% TFA; gradient 20-40% B over 60 min; flow 5.0 

ml/min; UV detection at 214 nm) to give 5.0 mg of white solid. 

Analysis by LC-MS (column Phenomenex Luna ClS(2> 3 jxm. 2.0 x 50 mm, solvents: 
11 A = water y0.1% TFA and B - acetomtrile/0.1% TFA; gradient 10-80% B over 10 nun; 

flow 0.3 ml/min, UV detection at 214 and 254 nm, ESI-MS positive mode) gave a 

peak at 5.9 min with vj/z 1088.4 as expected for MH+ 

Using solid phase peptide synthesis methodology, Compounds 8 to 22 were prepared 
15 in the same manner and characterised by MS. 



SI 



0 




TT^mnlg 1 g ; SyitthfeBis of the "TE-Labelled j terivative for N-aJkylatfanu 
Synthesis of 3-r ls Fl fluoro ptopvl mavlate. 



[ «F] F7 Kryp 2. 2. 2/ KpO s 

Mi " 



CH3CN, 100°C/ 10 m n 



Via a two-way tap Kryptofix 222 (lOmg) in acetoniirile (300 //J) and potassium 
carbonate (4mg) in water (300 MX prepared in a glass vial, was transferred using a 
plastic syringe (1ml) into a carbon glass reaction vessel sited in a brass heater. 1E F- 

; 5 fluoride (185-370MBq) in the target water (0.5 -2ml) was then added through the two- 
way tap. The heater was set at 125°C and the timer started. After 1 Sarins three 
aliquots of acetonitrile (0.5ml) were added at lmin intervals. The 1B F-fluoride was 
dried up to 40mins in total After 40nrnis, the heater was cooled down with 
compressed air, the pot lid was removed and l,3-propanediol-di-/»-tosylate (5-l2mg) 

: 0 and acetonitrile (1ml) was added. The pot lid was replaced and the lines capped off. 
with stoppers. The heater was set at 100°C and labelled at lOOX/lfonins. After 
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labelling, 3-[ ,B Fl flut^propyl tosylate was isolated by Gilson KP BPLC using the 
following conditio^: 

Column n-bondapak CI 8 7. Sx300mm 
: : Eluent Water (pump A) : Acetonitrile (pump B) 

Loop Size 1ml 

Pump speed 4ml/min 

Wavelength. 254nm 

Gradient 5-90% eluent B over 20 rain 

1. ) Product Rt 12 nrin 

Once isolated, the cut sample («*. 10ml) was diluted wilh water (lOxnl) and loaded 
onto a conditioned C18 sep pak. The S ep pak was dried with nitrogen for 15mins and 
flushed off wim an organic solvent, pyridine (2ml), aeetonitrile (2ml) or DMF (2ml). 

1 5 App««- 99% of the activity was flushed off. 

3-[ lB F| fluoropropyl tosylate is used to N-alkylate amines by refhoung in pyridine. 



2D ttxaranle 16; ["iq-Thiol Perhrfttive f or S- alleviation. 

Rte p ( » >: Preparation fl f 3-T 18 P1 fln nm-trilvlsulfanvl-TJrapane 

[«F]F/Kryp 2L2.2fl< 3 p0 3 



25 



TrS' 

OMs 

DMSO, BlWB min 



Kryptofix 222 (lOmg) in aceranitrile (800 pi) andpotas 
. /en ..t\ nmiiitiwi in a class vial,, was transferred 



< r 
ft 



t 



plastic syringe (1ml) to the carbon glass reaction vessel situated in the brass heater. 
l8 F-flnoride (185-370 MBq) in the target water (0.5-2ml) was then also added through 

2 0 the two-way tap. The heater was set at 125°C and the timer started. After ISmins 
three aliqaots of acetonitrile (0.5ml) were added at lmin intervals. The 1 *F-fluoride 
was dried up to 40xrdns in total. After 4001018, the heater was cooled down with 
compressed air, me pot lid was removed and trimethyl-(3-tritylsulfanyl- 
propoxy)silane (l-2mg) and DMSO (0.2ml) was added- The pot lid was replaced and 

I 5 the Hues capped off with stoppers. The heater was set at 80 S C and labelled at 80 • 

°C75mins. After labelling, the reaction mixture was analysed by KP HPLC using the 
following HPLC conditions: 



« 
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15 



mil 



Coin 
Eluent 
Loop Size 
Pump speed 
Wavelength 



Gradient 



u-bondapak CIS 7*8x3Q0mm 

0.1%TFA/Water (pump A): 0-1%TFA/Acetonitrile (pump B) 

lOOul^ 
4mVmin 

254nm 



1 mins 
15imns 
5 mfajs 



40%B 

40-80%B 

80%B 



The reaction mixture was diluted with DMSO/water (1:1 v/v, 015ml) and loaded onto 
a conditioned t-CIS sep-pak. The cartridge was washed with water (10ml) f dried with 
nitrogen and 3-[ 18 F] flijoro-l-tritylsulfimyl-propane was eluted with 4 aliquots of 
acetonitrile (0.5ml per aliquot). 

Step (b\: Prep aration of 3^ I8 FI flu^pmpane-l-fliiol 



TrS* 



1B F 



TFfii Tl Sf Wit er 



80*0 10 nin 



2 Q A solution of 3-[* 8 F] fluoto-l-mtyisulfmyi-propa^e in acetonitrile (1-2 ml) was ' 
evaporated to dryness using a stream of nitrogen at 10O°CA0mins. A mixture of 
TFA (0.05ml), triisopropylsilaj^e (0.01ml) and water (0.01ml) was added followed by 
heating at 80 0 CY10nun$ to produce 3-[ 1B F] fluoTO-piopane-l-thiol. 



25 Step (cY Reac t*™ ^(C^OK ? CA Precursors. 

A general procedure for labelling a chioroacetyl precursor is to cool the reaction 
vessel containing the 3-[ ls F] ftuoro - 1 -mercapta-propane fiom Step (b) with 
compressed air, and then to add ammonia (27% in water, 0.1ml) and the precursor 
(lmg) in water (0.05ml)- The mixture is heated at 80 °CI 1 Omins. 

2 0 

Example 17: In Vitro Metallouroteinase inhibitio n assay. 

Compounds were screened using the following commercially available Biomol assay 
kits: 

: 5 MMP-2 colourimetric assay kit - Catalogue number AK-408, 
MMP-9 colourimetric assay kit — Catalogue number AK-410, 

■ 

MMP-12 colourimcfric assay kit - Catalogue number AK.-402, 
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WMch axe available fiom Affimti Research Products Ltd. (Palatine House, Matford 
Court, Exeter, BX2 8N1L, UK). 



( a ) Teat Compound Preparation 

. , Inhibitors were provided in powdered form, and stored at 4°C. For each inhibitor a 
ImM stock solution in DMSO was prepared, dispensed into 20^1 aliquots and these 
aliquots stored at -20°C. The stock solution was diluted to give 8 inhibitor 
coxicentrations (recommended: SOjiM, SpM, SOOnM, 5QaM, 5nM, 500pM, SOpM and 
5pM). Dilutions were made in the 3dt assay buffer. A five-fold dilution of the 

1 > inhibitor stocks is made 00 addition to the assay wells, therefore final concentration 
range was from IOjaM to lpftL 



(fa) Ex perimental Procedures 

Details are provided with the commextaal kit, but can be summarised as follows: 

j S - Prepare test compound dilutions as above, 

- Add assay buffer to plate, 

- Add test compounds to $late 

- Prepare standard kit inhibitor NNGH (see kit for dilution feetor) 

- Add NNGH to control inhibitor wells 

2 3 - Prepare MMP enzyme (see kit for dilution factor) 

- Add MMP to plate 

~ Incubace plate at 37°C for ~1 Smin 

- Prepare tbiopeptolide substrate (see kit for dilution factor) 

- Add substrate to plate 

: 5 - Count every 2txpxl for lhr, 37°C, 414nm on a Labsystems iEMS plate reader. 



(c) Results. 

The results are given in Table 1 : 
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Table 1 



Compound 



MMP-2 
(Ki) 



MMP9 
(KS) 



2.87nM, 
2.9 8nM, 
5.01nM 



MMP-12 
(Ki) 



2J26nM, 
1.9nM 



13(Ki) 



2.82nM, 
0.9nM 
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FvsmnlelS* » m T^-»^^^h^«i«ff funeral method"). 

to a -^^-purged P46 



vial: 



1 ml N2 purged MeQH, 

100/xg of fee ligand-MMPi coiyugate in lOOfd MeQH, 
O.Sml NazCCh/NaHCOs buffer (pH 9-2), 
0.5ml TcOf fit>in Tc generator, 
OA ml SaCk/MDP solution, 

(solution containing 10.2mg SnCl 2 and lOlmg meTiiylecaedipliosphonic 
acid In 100ml N 2 purged saline). 



ITLC (Instant thin layer chromatography) is used to determine the RCP. SG plates 
siid a mobile phase of MeOH/(NH,OAc QAM) 1:1 show RHT (reduced hydrolysed 
Tc) at the origin, pertecbnetate at the solvent -front and teehnetiwn complexes at an 
1 5 intermediate B£ 



n 



0 



S5 



FvaniDle 19: General Vri*pAnreitir Ele^ tmnhilic Radioiodlnatfon of P) 

All premiers were labelled according to the following procedure: 

10uL0^mMNa 127 I(m0.0lMNaOH, 1 x 1 0^ mot) was added to a vial containing 
200pX 0.2M NH4OA0 buffer (pH 4). This solution was added to the vial containing 
Na 123 I (in. 0.O5M NaOH), which was then tianafeited to a silanised reaction P15 vial. 
5jaL (2.5 x lO^rnol) of a rreshly prepared peracetic acid solution in water (approx. 
5mM) was added to the reaction vial. 1 7 }1L (5 x Iff* mol) of a 3mM solution of 
substrate in MeOH wa? added to its reaction vial and the solution mixed by pipetting. 



, 1 



The compounds were purified by HPLC. 



< 0 Method: 
Solvent A: 
Solvent B: 

ColtUOT- 



Phej 



0.1% TFA in water 
0-1% TFA inMeCN 
ex Luna 5pm C18(2) 150 x 4.6mm. 



; 5 Gradient: 
Time 



%B 
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0.0 

20.0 

20.20 

23.20 

23-70 

30.0 



30 

70 

100 

100 
30 
30 



jmpounds 





Product name 


Retention, time (mm) 


Compound 23 


Compound 24A 


15L6 


Compound 19 


Compound 21 A 




Compound 20 


Compound 20A 


9.4 


Compound 31 


Compound 30A 


9.1 



1) 



15 



2D 



ip vn- Plasma anri Viva Stability of the 123 I Rfldioiqdjnafed Derivative 
of Compound 24 (Comp ound 24A1. 

Plasma and in vivo stability studies were performed, with Compound 24A to determine 
the stability and metabolism of the compound. In vitro Tat plasma stability 
demonstrated good stability, with R.CP of parent compound changing from 93% to 
80% through 2 hours incubation at 37°C. 

* 

In vzvo studies in the rat showed both a slight instability and metabolism of 
Compound 24A through time in vivo. Only plasma and bile samples could be 
analysed due to insufficient radioactivity within the urine, increasing amount of free 
iodide was seen in plasma samples through time, but only a small amount of total 
activity injected was present One metabolite was detected in plasma samples and 4 
in bile samples, indicating that metabolism was also occurring. 



25 



:o 



I'nlnriinnted Derivative fComnomiid 24A1 



TBVnm ple 21: Biodistribua 
Tumour Models In Vivo. 

Tumour models have been utilised for screening of MMPI-s due to their 
teptoducihility, ability to correct compound uptake with tumour weight and good 
delivery system for MUlP-Is to the MMP expression site. The two models chosen 
were LewisLung mouse Carcinoma (LLC) arid MD A-MB-23 1 bumau breast 
carcinoma xenograft model. Literature reports have shown that LLC cells express pro 
and active MMP-2 and pro MMP-9 and LLC tumours MMP-2 and MMF-9 (not 
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1> 



classified as pro or active) (Bae et of., 2003), Literature evidence has demonstrated 
that MDA-MB-231 cells express a range of MMPa, including MMP-1 (pro and active) 
(Benbow et aU 1999; Bacheimer etal, 2001), MMP-2 (Bacheimer et al, 2001; Lee 
et aL, 2001), MMP-3 (Bacheimer et aL, 2001), MMP-7 pro (Bacheimer er aZ., 2001), 
MMP-9 pro (not active) (Benbow et aL, 1999; Bacheimer ef <zL, 2001; Lee */ a/, 2001; 
Weber et aL, 2002), MMP-10, 11 and 14 (all pro) (Benbow et aL, 1999; Bacheimer et 

of., 2001). 
References 

Bachmeier et al Anticancer Res. 2001 Nov-Dec;21(6A):3821-8; 
Bae st al Drugs Exp Clin Res. 2003;29(1): 15-23; 
Benbow etal Clin Exp Metastasis.l999May;17(3):231-8; 
Lee etal , Eur. J Cancer* 2001; 37;1Q6-1 13. 
Weber et al Jnt J Oncol.. 2002 Feb;20(2):299-303. 



15 Results,. 

Biodistribufion studies were performed in both LLC and MDA-MB-231 tumour 
models. Compound 24A was initially cleared very rapidly from the blood and was 

m 

primarily excreted through fixe hepatobiliary system <HBS)- Some retention was seen 
within tumour tissue, wim low background tissue uptake- A summary of the results is 
2 3 given in Tables 3and 4 below: 




•i 





5 


30 


60 


120 


%ID/G Blood 


2.39 


1.16 


0.97 


1.05 


%ID/G Muscle 


0.56 


0.39 


0.41 


037 


%ID/G Tumour 


1.24 


0.68 


0.91 


0.84 


%ID Heart 


038 


0.24 


0.11 


0.07 


%XP Lung 


0.64 


0.22 


0.15 


10.19 


%ID Liver 


5338 


7.98 


4.64 


231 


%B> Urinary Excretion 


5.23 


3.1 


4.48 


5.03 


%ID GI Excretion 


16.89 


74.99 


80.61 


8239 


Ratio Tumour; Muscle 


2.27 


1.76 


2.16 


2.43 


Ratio Tnmour:Heart 


0.55 


0.57 


1.28 


138 


RC Tumour 


0.31 


0.19 


0.24 


021 


RR Tumour 


031 


0.19 


0.25 


0.22 


! % Retained Tumour 


- ! 55 


73 168 


where RO^reLatLve concentration ar 


id RR= relative retention- 



'.V 
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Table 4 blodistribution of O 



d 24A in a LLC tumour model. 



f" T .T C Tumour Model (15 day) 




Time Post Injection. (Minutes 


• — 




5 


30 






%H>/G Blood 1 


4.14 


1.88 ! 


IrOO 


1 9 


%ID/G Mnscle 


0.81 


0,57 


0.47 




%300/G Tiimnnr 


1-17 


0.8 


0-75 


1.17 


%1D Heart 1 


U.JJ 


0 25 


018 




%IDLnng ! 


1 0.92 


0.48 


0.34 


0.45 


%TD Liver 


1 43.87 


8.34 


6.89 


5.7 


%m Urinary Excretion 


8.09 


9.03 


9.02 


6-68 


%ID GI Excretion 


20.38 


61-99 


66.32 


71.06 


Ratio Tumour: Muscle 


1.59 


1.42 


1.65 


3.49 


Ratio TumourrHeart 


0.32 


0.46 


0.61 


1.28 


K.C Tumour 


0.28 


0.19 


0.18 


0.28 


RR Tumour 


0.28 


0.21 


0.2 


0.29 


% Retained Tumour 




68 


65 


63 



ggamejg W- Rindfctribtitinn of Radioiortinated Derivati ves f Compounds 20A 
S and 32A1 in « Tumour M odel J " 

Biodistribution was performed in the LLC tumour model with the biomodified 
derivatives Compound 20A and Compound 32A. A summary of the data is shown 
below: 

1 0 Table S: Diodisttfljution of Compound 20A in the LLC tumour model. 



1 ~ IXC Tumour Model (15 flay) 




Time Post Injectioi 


a (Minutes 


) 




5 


30 


60 


120 


%W/G Blood , 


3.61 


2-18 


1.67 


2.21 


%TD/G Muscle 


0.48 


0.33 


0.2 


0.23 


%D0/G Tumour 


0.95 


1.00 


0-78 


0.67 


%ID Heart 


0-26 


0.15 


0.11 


0.12 


%ID Lane 


0.59 


0.26 


0.21 


0,28 


%ID Liver 


29.98 


4,34 


3.01 


2. 838 


%XD Urinary 
Excretion 


j 4.54 


6.61 


12.71 


20.24 


%ID GI Excretion 


37..64 


86.6 


69.3 


61.17 


Ratio Tumour: 


1.98 


3.01 


3.97 


2.98 


Muscle 










Ratio Tumour:Heart 


0.74 


0.91 


1.13 


0.88 


RC Tumour 


0.26 


0.20 


0.20 


0-16 


RR Tumour 


0J26 


0.21 


0.23 


0.2 


% Retained Tumour 




105 


82 


70 
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Table 6: ©redistribution of Compound 32A m LLC tumour model. 



' HO 





Time Post Injection (Min 


utes) 




S 


30 


60 


120 


%H»/G Blood _ 


17 69 


10 83 


4.64 


2.26 


%ITl/G Muscle 


1.78 


1.03 


0.47 


031 


%ID/G Tumour 






2 18 


1.23 


%TH Heart 


1.01 


. 0-57 


0.26 


0.11 


%W Lung 


4.51 


1.32 


0.52 


0.48 


%ID liver 


12.10 


5.70 


2.11 


1.04 


%ID Urinary 
Excretion 


730 


32.52 


56.31 


69.68 


%H> GI Excretion 


6.85 


739 


X98 


10.77 


Ratio Tumour: 
Muscle 


1.50 


2.79 


4,69 


3.99 

• 


Ration Tumour: 
Heart 


0.42 


0.74 


1.33 


1.68 


% Retained in 
Tumour 


L 


108 


84 


47 





Compound 32 
Compound 32A is the 123 I analogue of Compound 32. 



TT.Tample 23* Imaging in a Tn mnnr Model I« 
3 0 Ima ging was performed with Compound 24A in the MDA-MB-23 1 tumour model. 
Tumour "hotspots" were seen from 5 to 120 minutes post injection, with region of 
interest ratios to muscle greater than 2:1 at all time points. The results are shown in 
Figure 3, 
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1 . An imaging agent which comprises a metalloproteinase inhibitor of Formula (J) 
labelled with an rmaging moiety, wherein the imaging moiety can be detected 
following administration of said labelled matrix metalloproteinase inhibitor to the 

ian body in vivo 7 following administration of said imaging agent to the 
mammalian body in viva: 

* 

* 

Y 1 

° O 

1 > where: 

Y l is H or -(CH2) w -(0=O)-Z; where wis an integer of value 1 to 6; and- 

Z is OH, C^e alkoxy, C4-10 aryloxy or NR l R^ wherein R 1 and R 2 are 
each independently selected from the group consisting of H, Ci-e alkyL 
cycloalky^ C1-0 fhicroalkyl or C4-10 9ryi- 

15 X 1 and X 2 together with the carbon atom to which they are attached, form a 

C 3 -to saturated ting which may be ali cyclic or bicyclic, and may optionally 
incorporate 1 or 2 heteroatoms chosen from O, K and S; 

X 3 is II, C1.3 aflcyl or C1-3 fluoroalkyl; 

Y 2 is a group of formula -[A 1 ] p [0] q A z where p and q are 0 or 1, rod A 1 is Ci_ 
* 0 10 alkyiene, €3-5 cycloaDcylene, C^iq periluoroalkylene, C«,io aryiene or C2-10 

heteroarylene, and A 2 is H, Cmo alkyl, cycloalkyl, Cho perfluoroalkyl, 
Ce-io aryl or C2.10 heteroazyl a with the proviso that when p=Q, q is also 0 and 
A 2 is not EL 

: 5 2. The imaging agent of Claim 1, where Y ] is -(CH:0w-(Q=O>Z and w is 1, 2 or 3. 
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CLAIMS. 



■ 
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4 

. xhe imaging agent of Claims 1 or 2, where X 3 is CH3 or CKfeF- 

The imaging agent of claims 1 to 3, wherein Y is -CaSt-O-A , and A is Qmo 
aryl. 

L The imaging agent of Claims 1 to 4, where file imaging moiety is chosen from; 

(i) a radioactive metal ion; 

(ii) a paramagnetic metal ion; 

(iii) a gaimna^emitting radioactive halogen; 

(iv) a positron-emitting radioactive non-metal; 

(v) a hyperpolaxised NMR-active nucleus; 

(vi) . a reporter suitable for in vivo optical imaging; 

(vii) a pi-emitter suitable ibr intravascular detection. 

6, The imaging agent of Claims 1 to 5, when© the imaging agent is of Foimula H: 

[{ixiWbil»r}-CA) n ]mH;inia@mLg moiety] (IE) 

where: " J 

{inhibitor} is the metaUoproteinase inhibitor of Formula (I); I 
-(A)n- is a tinker group wherein each A is independently -CR3- , - : 
CR«CR- , -OC- , -CR2CO2- , -CO2CR2- > -NRCO- , -CONR- , - 
NR(C=0)>3R- 5 -NR(C=S)NR-, -S0 2 NR- , -NRSO2- 9 -CR2OCR2- , 
-CR2SCR2- , -CR2NRCR2- , a C4-B cydoheteraalkyleiie group, a C*- B 
cycloaJkyiene group, a arylene group, or a C3-12 heteroarylene 
group,, an amino acid at a monodisperse polyethyleneglycol (PEG) 
building block; 

R is independently chosen from H, Ci-4 alkyl 8 C2-4 alkenyl, C2-4 alkynyt 
Cm alkoxyalkyl or Ci* hydioxyalkyl; 
n is an integer of value 0 to 10; and 
misl s 2or3. 

7. The imaging agent of Claim 6, where the imaging moiety is attached at the Y 1 or 
Y 2 positions of the metalloproteinase inhibitor. 
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8. The imaging agent of Claims 1 to 7, where the matrix metalloprotetnase inhibitor 
is conjugated to a ligand, and said ligand forms a metal complex with the 
radioactive metal ion or paramagnetic metal ion. 

9. The imaging agent of Claim 8, where the ligand is a chelating agent. 

> i 

10. The imaging agent of Claims 8 or 9, where the radioactive metal ion is a gamma 
- emitter or a positron emitter- 

11. The imaging agent of Claim 10, where the radioactive metal ion ds 99m Tc, UI In, 



halogen imaging moiety is I. 

13, The imaging agent of Claim 12, where the positron-emitting radioactive non-xnetal 
. is chosen fiom l8 F, n C or l3 N, 

14. The imaging agent of Claims I to 13, where the matrix metallopxoteinase inhibitor 

* 

is of Formula IV: 



^Cu, * 7 Cu, CT Ga or a8 Ga. 




a-emittirig radioactive 




where: 



5 



Y", w and Z are as defined in Claim 1 ; 
X 3 is H, CH 3 or CH 2 F; 

X* is -(CH 2 ) m - where mis 1,2 or 3, -CH 2 OCH 2 - or X 5 where X 5 is 



-GH-O-CH- 
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where t is 2 or 3- 

15. The .'T^agins agent of Claim 14, where Z is NR. 1 !*- 2 . 

16. The imaging agent of Claims 14 or 15, where Hie matrix metalloproteinase 
inhibitor is of Formula. V: 

(CH 2 ) w (CO)Z 




where: 

X fi is Hal, R 1 or OR 1 , where R 1 is Ci* alkyl or fluoroalkyL 

ID 

17. The imaging agent of Claim 16, where Z is NR'R 2 , X 6 is F; and X 4 is -CCH^fe-, 
-CH2OCH2- or X? with t equal to 2. 

» 

1 8* A pharmaceutical composition which comprises the imaging agent of claims 1 to 
]S 17 together with a biocompatible carrier, in a form suitable for mammalian 

administration. 

19. A radiopharmaceutical composition which comprises the ima g i n g agent of claims 
1 to 17 wherein the imaging moiety is radioactive, together with a biocompatible 

; 0 carrier, in a form suitable for mammalian adinixiistration. 

# 

20. The radiopharmaceutical composition of claim 19, where the imaging moiety 
comprises a radioactive metal ion, 

: 5 21 . The radiopharmaceutical composition of claim 1 9, where the imaging moiety 
comprises a positron-emitting radioactive non-met a] or a ganmia-emittiiig 
radioactive halogen. 
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22. A conjugate of a matrix metallopTotemase inhibitor of Formula (I) as defined in 
Claim 1 -with a ligand, wherein said ligand is enable of forming a metal complex 



1«» 



1> 



■with a radioactive or paramagnetic metal ion. 

* 

23- The conjugate of Claim 20, of Formula lib: 

[{inhibitorl-CA)„] m «[Kgand] QSb\ 

where {inhibitor}, A, n and m are as defined hi Claim 6. 

24. The conjugate ofClsicns 22 or 23, wherein the matrix wetaUoproteinase inhibitor 
is of Formulae IV or V of Claims 14 to 17. 

25. The conjugate of Claims 22 to 24, wherein the ligand is a chelating agent 

2<S. The conjugate of Claim 25, wherein the chelating agent has a diaminedioxime, . . 
N 2 S 2 , or N 3 S donor set. 

27. A precursor for the preparation of the xadiophaimaceutical composition of claim 
2 3 21, which comprises a non-radioactive derivative of the matrix meteUoprotemase 
inhibitor of claims 1 to 17, wherein said non-radioactive derivative is capable of 
reaction with a source of the positronremitting radioactive non-metal or gamma- 
emitting radioactive halogen to give the desired xadiophannaceutical- 

2 5 28. The precursor of Claim 27, where the source of the positron-emitting radioactive 
non-metal or gamma-emitting radioactive halogen is chosen from: 

(i) halide ion or F* or T; or 

* 

(ii) an alkylating agent chosen from an alkyl or fluoroalkyl halide, tosylate, 
inflate or mesylate. 



20 



29. The precursor of Claims 27 and 28, where the non-radioactive derivative is chosen 
from: 

(i) an organometallio derivative such as a trialkylstarmane or a 
trialkylsilane; 
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(ii) a derivative containing an alfcyl halide, alkyl tosylate or aJJcyl mesylate 
for nucleophilic substitution; 

(iii) a derivative containing an aromatic ring activated towards nucleophilic 

or electropliilic substitution; 
: (iv) a derivative containing a functional group which undergoes facile 

alkylatiou; 

(v) a derivative which alkylates tMol-containing compounds to give a 
thioetber-contoining product. 

1 ) 30. A kit for the preparation of the radiopharmaceutical composition of Claim 20, 
which comprises die conjugate of Claims 22 to 26. 

31. The Jdt of Claim 30, where the radioactive metal fen is 99m Tc, and the kit further 
comprises a biocompatible reductant 

15 

32. A kit for the preparation of the xadiopharmaceutical composition of Claim Slj^ 
which comprises the precursor of claims 27 to 29, 

33. The kit of claim 32, where the precursor is hound to a solid phase. 

34. Use of the imaging agent of Claims 1 to 15 for the diagnostic imaging of , ; 
atherosclerosis. 

35. Use of the imaging agent of Claims 1 to 17 for the diagnostic imaging of unstable 
5 5 plaques. 

36. Use of the imaging agent of Claims 1 to 17 for the intravascular detection of 
atherosclerosis. 
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The present invention discloses that imaging agents which comprise a specific type of 
matrix metalloproteinaae inhibitors (MMPi's) of the sulphonamide hydioxamate class 
labelled with an imaging moiety, are useful diagnostic i ma gin g agents for In vivo 
imaging and diagnosis of the mammalian body. 
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Figure 1. 
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Compound 




L 


-OH [prior art] 


2. 

i 


-NH-[chelator 1) 


3. 


~ -NHCCHaCHzOMCH^l^lC^CHzOCHjCO-^ra-Cohelfflor 1] 


4. 




5. 


-NH(CH 2 CH 2 0)3(CH 2 )2NH(CO)CH 2 CL 


6. 


-NH(CH 2 CH 2 0) 3 (CH 2 ) 2 NH(CO)CH 2 S(CH 2 )3F 


7. 

' 


-ra-LysCCO^^CH^^ 

• 

[€-cMoroacetyl]-NH2 


S. 


-MH-Glu-NBj 


9. 


-NH-Lys-"NH 2 


10. 


-NH-Leu-KHb 

» 


11. 


^NH-Lys-Glu-lSIHa 


12. 


-NH-Olu-Glu-NHa 


l£ 


" " -NH-Leu-GlB-NHa 


14. 


-NH-Lys-Lys-NH 2 


15. 


-NH-Gly-Lys-IOHz 


16. 


-NH-Glu-Lys-NH 2 


17- 


-NH-Leu-Lys-NHz 


. 18. 


-NH-Gly-Glu-NH 2 


19. 


-NH-CGl^s-Tyr-NHz 


20. 




21. 


-NH-(Glu)!rTyr(3"iodo>NH 2 


22. 
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-NH(CH 2 )2-[CfiH*-4-OH] 



-NH(CH 2 )2-[C6H3-3-I-4-OH] 



-NH-C©H4-4-I 



-Lys-NH(CH 2 CH 2 O) 3 (CH2)WCO)CH2OOT 2 CO->IH-Tyr(3-iod0). 

NH 2 



-NH(CH 2 CH20)i 1 CH2CH4CONH(CH 2 CH 2 0)i , CHjCH 2 -CONH. 

Tyr(3-iodo)-NH2 



-NH(CH z CH20)3(CH2)2NH(CO)CH 2 OCH 2 CO-NH-Tyr(3 -^NHz 



-NH-(Glu)y-Tyr(3- ^J)-NH Z 
-NHCCHJa-fCeHs-S- 1 "I-4-OH] 



NH 2 



-NH(CH 2 CHaO)i jCH^^CONHCCHsCHzO) 1 1 CH z CH 2 -CONH- 

TyrC3- ,23 A>NH 2 



Note : tfie abbreviation [amino acidJ-MHa indicates a teimmal -CONH a amide group on Hie 
amino acid carboxy terminus. 
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Figure 2. 
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Figure 3: In Vivo Images 
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